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ABSTRACT

The need for an improvement of the mathematical model of the solar
radiation force and torques for the Mariner Venus/Mercury spacecraft
arises from the fact that this spacecraft will be steering toward the inner
planets (Venus and Mercury}, where, due to the proximity of the Sun, the
effect of the solar radiation pressure is much larger than it was on the
antecedent Mariner spacecraft, steering in the opposite direction., There-
fore, although the model yielded excellent results in the case of the
Mariner 9 Mars Orbiter, additional effects of negligible magnitudes for
the previous missions of the Mariner spacecraft should now be included
in the model, The purpose of this study is to examine all such effects and
to incorporate them into the already existing model, as well as to use the
improved model for calculation of the solar radiation force and torques

acting on the Mariner Venus/Mercury spacecraft.
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I. INTRODUCTION

The distinction between the Mariner Venus/Mercury spacecraft
mission and the missions of its predecessors in the family of Mariner
‘spacecraft is that, unlike the previous ones, this spacecraft will be heading
toward the inner planets, Venus and Mercury, or, in other words, heading
toward the Sun,y The force produced by the solar radiation pressure is
increasing propartionally to the square of the ratio of the heliocentric dis-
tances of the Earth and the spacecraft. Hence, the solar pressure exerted
on the spacecraft moving in the vicinity of the planet Mercury, for instance,
would be approximately fifteen times larger than the solar pressure
exerted on the same gpacecraft moving in the vicinity of the planet Mars.
For that reason, although the mathematical model of the solar radiation
force and torques (Refs. 1 and 2} yielded excellent results in the case of
the Mariner 9 Mars Orbiter (Ref, 3), in agreement with the observational
data obtained during the cruise phase of the spacecraft within 0. 1%, the
same model should now be enhanced and expanded by the inclusion of cer-
tain effects which, in the case of all previous spacecraft, could have been

neglected as insignificant. Those effects are:

(1) The deviation of the directional distribution of the diffuse

reflection from Lambert's law of cosines (Refs. 4 and 5).

(2) The difference between the temperatures of front and back
surfaces of every illuminated component of the spacecraft

which has a considerable non-negligible thickness.

II. BASIC PRINCIPLES OF THE SOLAR RADIATION
PRESSURE MODEL -

Let us assume that J is the total radiant enei-g;,r per unit area and per
uhit time of the radiant flux impinging on an intercepting area S of a com-
ponent of the spacecraft, One portion of that energy, vJ, where y =1, will
be reflected from the surface according to a certain reflection law, while
the rest of the energy, (y - 1) J, will be absorbed by the material and
re-radiated, presumably isotropically, as thermal radiation into the
surrounding space. The re-radiation, due to the conductivity of the

material, occurs not only on the front surface of the spacecraft's
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component which receives the radiation but also on all other enclosing

surfaces.

Let © be the angle of incidence of the incoming radiation, i.e., the
angle between the direction of the radiation and the local normal to the
surface 8, The angular distribution law of the reflected radiation is then
a function of the angle of incidence, which we shall denote by £(8). It is
obvious that, for specularly reflecting surfaces (mirror-like surfaces),
f(B) is the two-dimensional Dirac delta function, since the angle of
incidence is egual to the angle of reflection, For diffusely reflecting sur-
faces it is usually assumed that they obey Lambert's cosine law
f(8) = cos 6.

The total reflected radiation is the combination of both specular and
diffuse reflections for most materials. We shall denote by gyJ the portion
of the radiant energy reflected specularly (f < 1), and by B(1 - y) J the
portion reflected diffusely, In the interior of any infinitesimally small

solid angle (Fig, 1}
dw = gin 6 46 d¢
the total reflected radiation is

[‘

yvJ = j Ido
o

where I is the radiant flux per unit golid angle on the hemisphere . Since

I= I,£(6)

where I0 is a constant, integrating over the surface of the hemisphere «,

we obtain

2m n/2
d¢ f(@) sin 8 d& = Ly Alf) (1)
0 0

"
i

yJ
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with

2w n/2
A(f) = 10 f(©) sin 6 d6 (2}
0 0

For specular reflection, £(0) is a two-dimensional Dirac delta

function. Hence
Afy =1

The momentum of radiation is J/c, where ¢ is the speed of light. The
momentum exchange due to the reflected radiation in the direction of the

local normal to the surface area S is

Iy

C
a g

-IE cog © dw = £f(6) sin 6 cos © d@? d6

while the momentum exchange in the local tangential plane to the surface S

is zero. Integrating over the surface area of the hemisphere ¢, we obtain

2T /2
Xci B(f) = E%%T) do £(6) sin & cos & dO (3)
0 0
where
2 /2
B(f) = —A—(lf—} d¢ f(8) sin 6 cos & d€ (4)
0 0

For specular reflection, £(0) is the two-dimensional Dirac delta

function. Hence, for specular reflection,

B{f) = 1

JPL Technical Memorandum 33-698



For diffuse reflection, however, one can assume that the angular
distribution of the reflected radiation obeys Lambert's cosine law
f(8) = cos 6. Introducing this function into integrals given by Egs. (2) and

(4), and performing the integration, we find

A () =

3

(5)

B, ()

il

2
3

where the subscript L denotes the values obtained using Lambert's law.

The total radiation force along the local normal to the irradiated
surface S is the sum of momentum exchanges due to the incident and
reflected radiations. The radiant energy J is inversely proportional to
the square of the distance from the source of radiation or, in other words,

inversely proportional to the heliocentric distance r:

;oo
T2
r
or, in the scaled form,
2
- (AT
7 =90 (%) (6)

where AU is the astronomical unit and JO is the radiant energy of the Sun
received at the Earth (one astronomical unit), JO iz also called the solar

constant. Its value is
- o 3 ;2
Jg = 1.353 X107 W/m"” (Refs., 1 and 6)

or

Ty = 1.353 X 10° kg/s°
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From all that has been previously said, we can now write the expression
for the elementary solar radiation force acting on an elementary surface

area

dS = NdS

where N is the unit vector along the local normal to the elementary surface

area dS, The force acting along the local normal is

aF = - EC—O- (%9)2 Nds
or
dF = - Ag (-ég)z Nds (7)

If the area is expressed in mz, the value of the constant Ao is

6 2

he = 4,513 x 10 N/m

S

Finally, if we express the heliocentric distance r in meters, we

obtain, instead of Eq. (7),

where (Ref, 1)

Kg = 1.010 X 10! N

Henceforth, we shall call hg the solar pressure constant.

When the direction of the incident radiation is inclined to the direction
of the local normal to the surface by an angle 6 (angle of incidence), the

solar radiation force will have two components: one along the local normal
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to the surface, defined by the unit vector N, and one along the interception
line of the local tangential plane to the surface with the plane perpendicular
to the tangential plane, which contains the direction of the incident radiation
and the unit vector N (Fig., 2). We shall denote by U the unit vector along
the direction opposite that of the incoming radiation so that, if T is the

unit tangent vector,
U.(NxT) =0
and choose the direction of the unit vector T in-such a manner that
T-T >0
(Fig. 2), If F{x,y,z) = 0 is the eguation of the irradiated surface in a
certain coordinate system (so far arbitrarily chosen), the unit vector along

the local normal at a point (x, vy, z)} on the surface is defined by

7 = grad F(x, vy, z)
|grad Fi{x, y,z)|

or, in shorter form,

From Fig. 2, we see that

U= Ncos® + T sin 6

and, hence,

il

sin B
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Figure 3 shows the diagram of all forces produced by the solar
radiation. Expressed in terma of the magnitude of the normal force FN’

those forces are:

(1) The force caused hy the incident radiation FI. "From Fig. 3,

we find

FI = FN cos ©
This force has two components: one along the local normal
(pressure), PI’ and one along the tangent unit vector, TI'
They are, respectively,
2

F_cos ® =F__cos ©

Pr= ¥ N

(10}

F.sin® = F__sin ® cosg 0

TI I N

(2) The force produced by the specularly reflected radiation Fp-
Since the portion of the specularly reflected radiation is fy,
the magnitude of this force is

Fp =Py F;

The normal and tangential components of this force are,

respectively,
P. =F_cos & =p I cosze
R R Y AN SO
(11}
TR:FR sin 6 = Py FNs1n9 cos O

(3) The force caused by the diffuse reflection FD. Due to a
presumably symmetric angular distribution law, this force has
only the normal component which is the resultant of all diffuse
reflection forces produced by the diffusely scattered photons,

This force is
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F, = yB{f) (1- ) F,

or

Fp = (1 - B) B(f) F, cos 8 (12)

(4} Force produced by the re-radiation FRR' The portion 1 - y of
photons impinging upon the reflecting surface is absorbed by the
material and re-radiated, presumably isotropically, into the
neighboring space as thermal energy. The re-radiation occurs
on both front and back surfaces of a particular spacecraft's
component, thus producing another small force., In this case,
too, as before, due to a presumably symmetric angular dis-

tribution law, this force has the normal component only,

The radiant heat flow emitted by a surface is given by

g = :)'eTLjr (13)

(Stefan's law). Here ¢ is the Stefan-Boltzmann's constant:

¢ = 5.6697 x 10°% kg/s> k?

T is the temperature of the surface in kelving (K}, and ¢ is the emissivity
of the surface (Ref, 5). Hence, the emissive powers of front and back

surfaces are, respectively,

4

A = 0ep Tp
(14)

4

Qg = 0eg Ty

The re-radiation from the front surface contributes a small force of

magnitude

(Frr!FrRONT =

JPL Technical Memorandum 33-698



and the re-radiation from the back surface contributes a force of
magnitude

9B

These two forces have opposite directions.

The total amount of force created by the re-radiation is

FRR = B(f) K(r,8)(1-¥Y) F__cos D

N (15)
where
4 4
e T - € T
F F B B
K(r,8) = —— : (16)
‘FTr " 8T
For T.=T

F B’ function K(r,8) is a constant (Ref. 4),

and, for adiabatic surfaces, K = 1.

The diagram of all forces is shown in Fig. 3.

III., THE RATIO OF FRONT AND BACK TEMPERATURES

-

The K-function (Eq. 16) can be written in the form

K(r,8) = ———P (17)
‘¥T T

JPL Technical Memorandum 33-698



10

where T is the ratio of temperatures:

T

T:T(r,e) = —
T
B

(18}

To find this ratio we shall consider an infinitesimally small slab of
thickness { made of a certain material which has a thermal conductivity k.
The energy balance between the radiant energy received on the front side
of the slab and the re-radiated energy from both front and back sides is

given by the equation (Ref. 7)

4 (AT)
O‘AFQFTF +UAB€BTB =34 \5 {1 -y)AF cos ©
or
A 2
4 : B 4 (AU 1 -y
ﬁFTF Ty (K;) TB = JO o ) pn cos ©

where AF and AB are areas of the front and back surfaces, respectively.

We shall assume that the front and back surface areas are the same, i.e.,,

Ap

— l
AF

so that the eguation of the energy balance is

2
- 1 -y
eFTF + EBTB = JO (——) - cos B (19)

The quasisteady-state heat flow equation, which reduces to Laplace's
equation, vyields a linear propagation of heat in the slab along the normal

to the surface, From the boundary conditions (Refs. 7 and 8), we obtain

F B k TB (20)
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Equations {19) and (20) theoretically solve the problem of finding
T(r,0). In reality, however, we cannot obtain an analytic solution for 7

because, by eliminating Ty {rom the two equations

J L2
€_ + € ~r4=—9— (ég-) d-y cos O
B ¥ T4 r o
B
o«
_ B 3
T =1+ e TB

we ultimately obtain an algebraic equation of the twelfth order.

On the Mariner Venus/Mercury spacecraft only two components have
significant thicknesses: the high-gain antenna and the two solar panels.

From Ref. 8 we find the following information:

(1) For the high-gain antenna reﬂectorlz

E.A = 0.0191 m

(eF}A = 0089

(EB)A = 0.90

3
k, = l.2921 kg.m/s” K
v, = 0.10
(2) For solar panels:

QSP = 0.0127 m

(¢plgp = 079

(eplgp = 0.85

I‘The high-gain antenna is illuminated from the back.
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koo = 1.2921 kg.m/s3-1<

Ygp 0,22

A simple computer program, based on Newton's method for approxi-
mate solutions, yields the values of the function T(r,8), shown in

Tables 1 and 2.

Once the values of 7(r,0) are known, the values of the function K(r, 8)
are obtained from Eq. (17). Tables 3 and 4 give the values of the function
K(r,08) for the high-gain antenna reflector and solar panels, respectively,
Finally, in Figs. 4 and 5, the graphs of the function K(r,0) are shown.
Wherever the value of K(r,0) is negative, the resultant re-radiation force
is acting in the direction of the local normal, i.e., it acts against the normal

component of the solar pressure,.
IV. APPROXIMATE ANALYTIC EXPRESSION FOR T(r,8)

An extremely good analytic estimate of the function T(r,8) can be

derived, due to the fact that the ratio

T, . - TB { 0.1322 for the high-gain antenna reflector

T

B 0,0863 for solar panels

Assuming that, in the first approximation,
Tp 2 Ty = Tylr.0)

we obtain, from Eq. (19),

4 2 )
TO:TO(r,e):\/JO {AU) (1 Yl“se (21)

r cr{eF EB)
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The next approximation is obtained by substituting 'I‘0 for T_ in

B
Eq. (20). It yields

By substituting the value of the ratio TF/TB from Eq. (22), the last

equation yields

1/4
T, = F B T (23)

B U’QEB 3 4 0
EB + EF 1 +-""—k— TO

which is a further approximation. A better approximation of TF/TB is

obtained by substituting the value of TB’ given by Eq. (23), into Eq. (20):
3/4
T cie e+

F B 3 F B (24)

L PR Z
o‘QeB 3
gt 1t Ty

B

The last expression can be simplified considerably by expanding the

denominator on the right-hand side of Eq. (24). We find that

‘°*" ‘p - ‘Ft B
4 B of 3
e 1+c‘12eBT3 o tpt gt w5 Tp
B F k 0

JPL Technical Memorandum 33-698
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and, without loss of accuracy,

2 .3
T e (e +e )2t
el —2E P K 0. (25)
B ‘PR3 ‘reB To

Dencting p as the heliocentric distance of the spacecraft expressed in

astronomical units (ATU), i.e.,

P= 5o (26)
we can write £q. (21) in the form

v Y
b cos O (27)

I
e

T (r,8)=

X
where TF is the constant

T = {/L—-—-——-— (28)

The values of the constant T  for the high-gain antenna reflector and

solar panels are, respectively,

T 330. 96 kelvins

S

e
b

T

<p 326,40 kelvins

H

Equation {25) can be written in the form

G‘QEB 3
Lo
T{r, 0} = 1+ . 7
[
1+3~ fe kB Tg
F B

14 JPL Technical Memorandum 33-698



Setting

ofe 3/4
B .3 (cos 8) _
n '1‘O = A ‘:3 5 = AR (r,0) (30)
where
gle _
A =L (™3 (31)
3A¢
B =~ (32)
F B
we can rewrite the last equation in the form
_ AR(r, 9)
.0 = 1+ 78R, 0) (33)

The values of constants A and B for the high-gain antenna reflector

and the solar panels are, respectively,

AA = 0.02734 A
Agp = 0.01647 .- 7
(34)
B, = 0. 04079
Bep = 0. 02380 J
The function
‘ 3/4
R(r,0) = (2259 (35)
p

JPI, Technical Memorandum 33-698

15



16

as well as the function v(r,8) and the constants A and B are dimensionless,

For the Mariner Venus/Mercury spacecraft mission,
R(r,8) = 5,864

Substituting the expression for 7(r,8) from Eg. (33) into Eq. {17},

we obtain

erll +(A+B) R(r,0)]% - ep 1+ BR(r,0)]*
K(r,0) = "
¢l +(A+B)R(r,0)]" +

“n [1 + BR(r, e)]4

The values of the function K(r, ) obtained from the last expression
for the high~gain antenna reflector and solar panels are given in Tables 5
and 6, respectively, It is easy to see that the largest value of the error of
the approximate solution of the above equation is 0. 002 for the high-gain
antenna reflector (0.8%) and 0, 001 for solar panels (0.8%); this is an excel-
lent agreement, since the maximum error is just a little above the trunca-

tion error.

Sacrificing a little accuracy we can derive another, less accurate,
expression for K(r,8) by expanding the last expression into a power series
of (A +B) R(r,0) and BR(r,0). This expression, although less accurate, is
more suitable for the purpose of deriving the final form of the solar pressure

force. The expansion yields

B¢ . ¢
K(r,0) = K+ —2-2_ AR(r,0)
{GF + eB)
11l¢ - 3¢
_de_e ¥ B (AR(r,0)]° (36)
F B (e + ¢ )3
F B
where K is the constant value of K(r,8) for TF = TB’
€ _ ¢
k- E_B 7
F B
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The values of K(r, 6) obtained from Eq. (36) are given in Tables 7 and
8. The maximum relative error for the high-gain antenna is about 9. 7% and

for the solar panels about 3. 6%.

In order to express the function on the right-hand side of Eq. (36) in a

more concise form, we shall introduce the following parameters:

8 <r s 3/4 3/4 ‘F"L]‘a‘?“l/4
p=—a-EB _aA=-81/%-y)
(e + €_)° 0 K(eo + e ) 1/*
Frt B Ft s
1le_ - 3¢
Q= -4e ¢ ——E B a2 > (38)
B )
,.-F B

3 1/2,2
‘B (11 EF—?JGB)D’ £

2 9/2
k (t—:F+ EB) ]

€
4 J3/2(1 i Y)3/2 F

The function K(r,6) can now be written in the form

K(r,90) = K + PR(r,9) +Q[R(r,e)]2

oy, explicitly,

3/4 3/2
K(r,8) = K + P (Eﬁpizﬁ) + Q(—‘is-z—e) / (39)

The values of constants P and Q for the high-gain antenna reflector and

solar panels are, respectively,

= 0,05468

P
Q = -0,00296
A S (40)
PSP = (,03290
Qgp = -0.00101 )
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V. EXPRESSION FOR THE SCLAR RADIATION FORCE

We shall now express the total solar radiation pressure force in the
vectorial form, adding all the components of the force along the local nor-

mal and tangent directions. From Eq. (7), the elementary normal force is

P
n

Nds

[a ™

)
=2

1
N

g

The elementary fo-rce, generated by the incident radiation, is

dFI

- (Ncos® + T sin 8) cos © dFN

- t'JdFN cos 6

The elementary force, created by the specularly reflected photong, is

dFR =B y(U - 2N cos 9) dFN cos ©

The elementary force, due to the diffusely reflected radiation, is

dFp, = - yB(i}(1 - B) N dF cos 6

Finally, the elementary force, caused by the thermal re-radiation, is

dFgp = - B(O(1 - v) K(r,8) N dS cos 0

The vector sum of all these component forces gives the total

elementary force

dF = dFI + dFR +dFD +dFRR
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or, explicitly,
= rs cos ©
dF = - _-—2—-—3[253\1 cos 8 + B(f)(\((l - B)
p

F(1-y) K(r,e))]ﬁ £ (1 - BY) ﬁfds

The total force over the entire illuminated surface S is then

_ hg _
F = - — {[Zﬁycose +B(f)(y(1-ﬁ)+(l -Y)K(l‘,a))] N
p
S

+(1-py) T }cos 6 ds (41)

where K(r,0) is a constant for all components of the Mariner Venus/Mercury

spacecraft except the high-gain antenna reflector and solar panels.

The unit vector U is a constant insofar as the integration is concerned.

Also,

Hence,

al
(9]
0
/7]
[an]
=2
0
1
]
al
Z
=9
wn
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and Eqg. (41) becomes

A
F"=--§ [v(8) N+ (1 - py) T cos 6 ] dS (42)
p
S
or
Mg L
F = - - v(e)dS +{(1 -pyNT -3) T (43)
P
S
where

v(B) = 2By cos® © + B(H{y(1 - B) + (1 - y) K(r, 8] cos (44)

V. MOMENT OF THE SOLAR RADIATION FORCE

Let x,y, z be the coordinates of a point on the spacecraft relative to a
certain spacecraft-fixed reference frame with the origin at a certain point
O. Let El’ EZ’ 53 be the unit vectors along the coordinate axes x, y, and z,

respectively, The position of a point of the spacecraft (x, v, z) is defined

by the position vector

X = xe) +ye, +zeyg

The moment of the elementary force dF at the point {x, v, 2}, with

respect to the point of reference O is then

(@) - % x dF
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Thus, the total moment of the sclar radiation force about the point O is

obtained by an integration over the illuminated surface S:

MO

Using the expression for the elementary force dF, we obtain,

A
M - ...g [f[v(e)(}“cxﬁ)
P
S

+{(1 - Py)(X xU)cos 6]4as (45)

explicitly,

~

VII. THE DIRECTIONAL DISTRIBUTION LAW OF THE
DIFFUSE REFLECTION

We have already shown that, using Lambert's directional distribution
law of diffuse reflection f(0) = cos ©, we obtain for the value of the constant
B(f):

[a]

B () = %

In reality, however, the directional distribution of the diffuse reflection
does not obey Lambert's cosine law {(Refs. 4 and 5). Moreover, different
materials have different directional reflection distribution; metallic surfaces
behave differently from nonmetallic surfaces. We shall introduce a
function, for the time being unknown, of the angle of incidence 6, D(8),

and write the reflection law in the form

£(8) = D(O) cos O (46)
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where, for Lambert's cosine law, D(8) = 1. The graphs of the function
D(6) for different metallic surfaces are shown in Fig. 6; the graphs of the
function D(6) for nonmetallic surfaces are shown in Fig., 7. We see that for
metallic surfaces D(0)— = when 0 — 90° and that for nonmetallic surfaces
D(8) = 0 when 6 = 90°. It is also clear that for small values of the angle

of incidence 8, the directional distribution agrees well with Lambert's law.
The deviation from Lambert's law begins when the angle of incidence is
between 35° and 45° for metallic and between 55° and 70° for nonmetallic
surfaces. We shall denote by o the value of the angle of incidence 8 of the
point of D(0} at which the function D(B) begins to deviate from Lambert's
law (circle D{6) =1), We shall call this angle ""the separation angle,
Hence, in order to find a unified law of directional reflectivity distribution,

we have to find such a function D(0) which satisfies the following constraints:
D9y =1, for0 <8 = «
D(8)—~w, for 8 — 1/2 for metallic surfaces
D(n/2) = 0, for nonmetallic surfaces
Also, in order to have a smooth continuous transition from Lambert's
circle D(8} = 1 to D(@) at 6 = &, the curve D(6) and the circle D(8) = 1 ought

to have the same tangent at 6 = a, Hence, the additional condition which

the function D(0) must satisfy is

The function

cos 6 )H

D(6) = p(d - a) tan « + (cos .

(47)
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where [ < 0 is a parameter depending on the specific material, satisfies the

above-mentioned requirements for metallic materials, while the function

N

cos 0 )“L (48).

D(O) = {1 +pi6 - a)tanoz](cosa

where p >0, satisfies the requirements listed above for the nonmetallic

materials. In both cases we assume that

RS

We shall now examine two examples: one whenp < 0, and one when
w > 0, For the first example (n < 0), we shall take a chromium surface;
for the second example (u > 0), a wooden surface, In the first example we
can read from the graph the value of the angle a@ = 35°; in the second
example we read @ = 64°, In both examples we have to scale the values
of D(8) obtained from the graphs (Ref. 5) by dividing each value of D(8) by
D{a), so that we have D(@) = 1. The scaled values of the function D(@) for

both examples are given, respectively, in Tables 9 and 10.

Using a least squares fit in both cases (Ref. 9), we obtain the following

values for p. For the chromium (metallic) surface,
= -0,673

and the sum of squares of residuals is 0.011. For the wooden (nonmetallic)

surfaceé, the value is
p = 0,653
and the sum of squares of residuéls is 0,002,
VIII. THE DIFFUSE REFLECTION COEFFICIENT B(f)
The directional distributioﬁ law of diffuse reflection is (Eq. 46)

f(0) = D(O) cos 8
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Substituting thig value of f(8) into Eq. (2}, we first obtain the coefficient
A(f) and, then, from Eq. (4), we ultimately obtain the value of B(f). Hence,

for both metallic and nonmetallic surfaces,

a Tr/Z
A(f) = 2n sin ® cos B 40 + D(B) sin & cos € dB© {49)
0 o
a /2
2T . 2 . 2
B(f) = A sin O cos” © d6 + D(6) sin ¢ cos”™ € dp {(50)
0 o

The first two integrals on the right-hand sides of Eqs. (49) and (50)

do not depend on the form of the function D(8). Their values are

a =

gin 8 cos © d6 sin2 o

It

=

i (51)
[#9

sin O c:os2 e de

1}

W=

(1 - cos3 @)

The second two integrals depend on the form of D(8), and thus have
different values for different materials. For metallic materials, sub-

stituting D(8) by its value given in Eq. (47), we obtain by integration

[‘11'/2
D(B) sin 6 cos 6 d& = % [\%- a’) tana - 1

[#4

2
Jhotept+d 2 o,] (52a)

24 JPL Technical Memorandum 33-698



/2 2
D(e) sin 6 cos’ 8 d8 = % cos @ [%"{{;EE*;—)? cos® a

l - sin o
T 1+ sina ] ' (52b)
Hence, for metallic materials,
A(f) = BT (E-a)tana+2_p+ b coszail (53)
2 2 5} ot 2
o 2pm (_B__l__-sinaf 1 3 )
A(f) B(f) 9 m 1 7 aina Co8 @ + 13 cos « {54)
Finally, from Egs. (53) and (54), we obtain
3 1 - sin & R 3
B(f):é E——————-1+Sinacosa+}i+3cos o (55)
9 z-p E—OZ)ta,no:+ B cos® a
K 2 wt 2
For a chromium surface, withp = - 0.673 and @ = 35°, we

obtain
B(f} = 0.5908

which differs by 0.0759, or 11.4%, from Lambert's nominal value
BL(f) =2/3.
For nonmetallic surfaces we shall substitute the function D(®) from

Eq. (48) into integrals in Eqs. (49) and (50). We obtain

/2
D(B) sin® cos ® do = ! I:COSZ o+ tan@ (0)] (56)

B+ 2 (cos o_')*"‘ 2
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whe rez

Tr/Z

(cos 8)H+2d8

—
[t
—
4
—
1

2

y (58)
w/ 2
(cos )" F> do

2
1

2'In‘cegrals Iz(a') and I3 (¢), given by Eq. (58), have the form
m/2

I {a) = (cos B)l“-\" de

o
Introducing the new variable t = cos® ® , we obtain

2
cos o

I (a) = .é_ Jyin/al-1 o -1/2 g
0

This integral is of the form (Ref. 10)

3
(@) = 3 _}[ 71 (1 - 0T a = 3 Bep, q)
0

where Bg(p, q) is the incomplete Beta-function, p = (R +y + 1y/2, q=1/2,
£ =-cos” a,

Hence,

_ &P . .
IY(Q’) = zp ZFl(p’ 1 - q; P+ l,ﬁ)

where ZFI is the hypergeometric function; thus

(H+3)/2
_ (cos ) &+3 l-E+5- 2
pa) = o T3 ZFI( 2 2 z ices ¢«

+4)/2
 (cos a) b4 1 w6 2
I3(e) = o+ 4 PP 7 i B cost e
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Hence, substituting integrals given by Eqs. (51), (56), and (57) into

expressions (53) and (54), we obtain

Af) = 2T e ool a y2-t2RE g (a)] (59)
w2 [ b (cos Q,)}J- 2
2Tk o+ 3 3 tan o
A(YB(f) = -cos” a+ 3 ———— 1 () (60)
3(H+3)|: B {cos @) 3 ]

wt+3 3,3 tane I3(ae)

2 pt2 P (cos )
B{f) = 5 - : : {(61)
3 p+3 E+2—cosza+2 tan o Iz(a)
i {cos r:):)‘“L

For a wooden surface, with p = 0.653 and a = 64°, we obtain
B(f) = 0.6781

a value which differs by -0.0114 or 1, 7% from Lambert's value.

Integrals, given by Eq. (58), can be expressed in terms of a power

series of cos @. Writing both integrals in the form

Tr/Z

I (a) = (cos &Y a8, vy =2, 3

and introducing a new variable

t = {cos B)H-W

3Suggested by H. Lass.
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we obtain the integral Iy(oz) in the form

N
I (@) = — (M ty) (1 - tz/(“‘”)- 2 dt

0

where A\ = (cos a,)p+Y_ Since

[=s)
- - 1)t
1 - ¢ /2 _ . E : (Znnl).. gD
27 n!
n=1
we arrive at the expression
N )
- 1)t
I (@) = — () by, {2n - UL 2n/(wiy) | g
Y " L0
0 n=1 :
which, after the performed integration, becomes
iy +1 2 Zn
I (o) = {c08 @) 1+ E (2n_- 1)!! cos @) (62)
Y Wyt l 2" n! 1+ —20
n=1 : Rty + 1

It is easy to show that, due to the fast convergence of series (62),
for all practical purposes, it is sufficient to take only the first two terms

of the series. Thus we have

I (a) = (cos oz)"l‘+4
3 w o+ 4

-
bt 4 2
_l + TS cCos a!]

+3 r
_ {cos o) pt+ 3 2
Iz(af) = 73 l+2(u+5)cos a
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Introducing these two expressions into Eqs. (59), (60), and (61), we finally

obtain

. 2
.o pTm pt2 2 sin @ cos™ « 1l p+3 2
A(f) [ n cos o+ 2 53 (1+2p+5cos &

. 3
_ 2 _pymw pt3 3 gin @ cos™ « 1 pt+4 2
A(f)B(f)-3p+3[ m -cos  a+3 1 4 l+2H+6cosa
from which, by dividing the second expression by the first, the value of

B(f) is obtained.

IX. SPACECRAFT-FIXED SYSTEMS OF
REFERENCE AXES

So far we have not yet specified the spacial orientation and the origin
of the spacecraft-fixed reference frame xyz. Due to the fact that the center
of gravity of the Mariner Venus/Mercury spacecraft does not coincide with
the geometric center of the spacecraft and the fact that the distribution of
masses on the spacecraft is guch that the axes of the extremum quadratic
moments of inertia (principal axes) do not coincide with the geometric
reference axes, we have to define two systems of reference. The first
system is the geometric system with respect to which the positions of various
parts and components of the spacecraft are related. We shall denote by
El‘ EZ’ 33 the unit vectors along the axes of this system, x, vy, and z,
respectively. The orientation of this system is established with respect
to 4 basic, natural frame of reference, which we shall call the Sun-Canopus

—_1

basic system (Ref, 11) Xer Vg 2gt The orientation of unit vectors Etl > €55

531 along the axes o Vg and Z g respectively, of this sy‘rstem is derived
from the spacecrait-Sun and the spacecraft-star Canopus directions. The
system is obviously non-inertial and rotates in space following the orbital
motion of the spacecraft and the motion of the spacecraft-Sun line relative
to the inertial space. If, as previously denoted, U is the unit vector along

the spacecraft-Sun direction,
»

al
I
'-sli-il
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and I_Ic is the unit vector along the spacecraft- Canopus direction, 4 the unit
— 1 —t

-
vectors e

1» €, €4 are given by (Ref., 11)

. U, xT q

e, = — —
[T~ xT|

_ O x@. xD)

ez = — - o (63)
| T x T |

- _ ﬁ _ -;

°3 T Y T -+ ]

The geometric spacecraft-fixed system is obtained by a positive rota-

tion of this system (counterclockwise) about the z_ -axis by an angle of

B
30°, Hence
51 °1
E?_ = [ B] Ez (64)
€3 €3

where [ B] is the transformation matrix

cos 30° sin 30° 0
[B] = - sin 30° cos 30° 0 {65

0 0 1

4Due to the fact that, for all practical purposes of flight missions within the
solar system, the star Canopus can be considered to be infinitely distant
{rom the solar system; the spacecraft-Canopus direction may be considered
the same as the geocentric (or heliocentric) direction of the star.
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Equations {64) and (65) yield

— _ﬁ_' 1 —t
&1 =2 f17z2°%
- l._J-F'\@-_.\
27" z%1 77 %2
— .t
©3 T °3
or
- 1 [_ — — - - 2
e, = —— (T xT)N3 +U, - (U -U)U]
1 ZIU X T C C C
C
U.xT
c, - B T, - (O, DT - ——— - (66)
2T, *x T N3
E3=ﬁ
-

The orientation of axes x, vy, z of the geometric reference system on the

spacecraft is shown in Figs. 8 and 9.

Now let Xor Yoo 26 be the coordinates of the center of mass of the

spacecraft relative to the above-defined reference frame. Also let a;, b,
PP i=1, 2, 3, be the direction cosines of the principal axes of inertia

. relative to the axes of the reference system xyz. If £, n, and { are the
principal axes of inertia of the spacecraft and i, J_, and k the unit vectors
along these axes, respectively, the transformation between the unit vectors
of the geometric reference system, El’ EZ’ 73-3 and the unit vectors along
the principal axes of inertia{we shall call this system the dynamic reference

system) is given by

ol
=

1
e, |=[a11 T (67)
Ch K
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where [ A] is the transformation matrix

a,l az a3
[A] = bI b2 b3 (68)
‘1 %2 %3
or (Ref. 12)
0. 948 -0.315 0.037
[A] = 0.316 0.947 -0, 048 (69)
-0.020 0.057 0.998

The transformation between the coordinates of the two systems is

given by
X X £
y = ve | #1a] | n (70)
Z Ze g

and, inversely,
£ X - X~
n | = [A] Y- Ve (71)
g z - Zq

Lt

The coordinates of the center of mass of the spacecraft in the reference

system xyz are (Ref, 12)

X~ = 1.22 cm
Yo = -5,36 cm (72)
Zo = =32.16 cm
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¥. THE GENERAL SYNOPSIS OF THE ILLUMINATED
' SURFACES ON THE SPACECRAFT

The configuration of spacecraft components, main parts, instruments,
etc., which are illuminated by the Sun, and their positions relative to the
xyz system are shown in Figs. 8 and 9. For the sake of simplicity, we
shall divide the whole multitude of paraphernalia into two groups. The first
group consists of those elements that have a considerable thickness for
which the thermal analysis has to be performed, i.e., those elements for
which there is an unbalance of the thermal re-radiation on their front and
back surfaces. Without any considerable loss of accuracy we can say that
the only components of the spacecraft which belong to this group are the

high-gain antenna reflector and the two solar panels,

The second group of spacecraft elements can be subdivided into two
subgroups. The first subgroup contains all components whose illuminated
surfaces are either flat {planar) or very close to being flat, The second
subgroup contains the elements whose surfaces are curved. The complete
survey of all illuminated surfaces is given in Table 11 (Ref, 8). The survey

of materials and their optical properties are given in Table 12.

X1, THE SOLAR RADIATION FORCE AND TORQUE ON THE
HIGH-GAIN ANTENNA REFLECTOR

The high-gain antenna is designed in such a manner that it is free to
move at the end of a boom, which can rotate about a point in the xy-plane
with coordinates x = -21.0 cm, y = 104.6 cm, The angle between the
direction of the boom in the stowed position and its direction in the com-
pletely deployed position is 155.2°. In the fully deployed position of
the antenna, the lowest point of the antenna disgh lies on the y-axis; the
coordinates of this point are x, ~ = 0, Ypoc = 207.3 cm, Zac T -56.2 cm.
The axis of symmetry of the antenna is pointed toward the Earth, which
requires a constant updating of the antenna position during the mission

(Fig. 10).

In order to derive the expressions for the solar pressure force and

its moment on the high-gain antenna reflector, we have to establish an
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antenna-fixed system of reference axes Xpr Ypr Zp (Fig. 10). The
zA—axis of this system lies along the geocentric position vector of the
spacecraft. Since, from Fig, 11, the geocentric position vector of the
spacecraft is r - ;E’ where -;E is the heliocentric position vector of the

Earth, the unit vector along the z, -axis will be defined by

A

]
'
=

R 2 (73)
T - 7

|
rl

The other two axes, X, and Var lie in the plane passing through the bottom
point of the antenna dish, perpendicular to the spacecraft-Earth direction. >
Since the directions of the X, - and Y -axes are arbitrary in the xAyA—plane,
we shall follow the convention used in Ref, 1. In other words, we choose
the yA—axis to lie in the yz-plane of the spacecraft-fixed geometric system
of reference, xyz (Fig. 10). The view of the antenna geometry from the

positive direction of the x, -axis is shown in Fig. 12, The antenna is

A
always illuminated from the back side, 6 and the angle Y is the supplementary

angle of the Sun-spacecraft-Earth angle o' (Fig. 12), Thus, from Fig, 11,

re{r-T_)

&' = arccos ——-_———:_—E— {74)
r lr - rE[

$ = 180° - o (75)

5Due to the large distance between the spacecraft and Earth, the distance
between the lowest point of the antenna dish and the geometric center of
the spacecraft (origin of the system xyz) can be neglected.

6See Fig, 14 (Ref, 13).
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The relative positions of the XaYaZp and xyz systems are shown in
Fig. 13, where both systems have the same origin. The transformation

equations between the two systems are

[
H*
]

o
it
1

o

A 1
YA T e cos § + e; sin (76)
—% = -
zA_ezslan—e?,cosdg J
ok ok )
where Kas Yp» 2, are the unit vectors along the axes of the system XAV AZp?

respectively. The coordinate transformation is thengiven by

X -1 0 0 X - X

A AC
Ya = 0 cos sin s Y - Yac (77)
N 0 sin g - cos Y R INe
or, inversely,
b4 ZaC -1 0 0 *A
vy | =| vac | ¥ 0 cos sin YA (78)
Z ZAG 0 sin ~ cos i Z

We shall later use Eq. (78) to obtain the components of the solar pressure
force and of the moment of that force (torque) along the axes of the system
xyz by means of the components of the force and of the moment along the

axes of the antenna-fizxed system I INTC

The dish of the high-gain antenna reflector is a paraboloid of

revolution, The depth of the reflector is

h = 21,6 cm (79)
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and the aperture radius is

5= 68,6 cm (80)

The equation of the reflecting surface is

_ 2 2
dJ(XA, Var ZA):}‘(XA-I_VA)_Z = 0 (81)
where
h
N o= = (82)
62

The local normal to the convex surface of the antenna reflector is

given by
A X, %, + Ny, Y. -z,
= _ V& *a¥a YaYA ~ Za
N = Vol - (83)
[l + 4}\ZA
and the unit vector along the spacecraft-Sun direction in the system
XpYpZp 18
ﬁ:';?A sinlp-;; cos | (84)
Hence, from Egs. (83) and (84),
_ ZkyAsinLj;+cosq;
cos & = N. U = (85)
JTT8a,

From Fig, 12 we see that, when the angle J is

O=¢y=dp
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where b is the critical value of the angle ¢ at which the shadowing of the
convex (back) surface of the antenna begins, the projection of the illum-
inated surface on the xAyA-plane is a circle of radius 6 (the aperture
radius of the antenna), as shown in Fig, 15, If the shadowing occurs, i.e.,

if the angle § is larger than a certain critical value Y

bp <

the projection of the illuminated surface is a segment of the circle with a
central angle 2% (Fig. 15). The value of the angle LpF can be obtained from
the geometric condition that, when § = LpF, the incident solar ray, shown in
Fig. 15 as passing through the point P, passes through the point C on the
brim of the dish of the antenna reflector, and is tangent to the outside sur-

face of the antenna, From the geometric conditions, it follows that

5
tan L[JF = 3% (86)

so that, for the antenna of the Mariner Venus/Mercury spacecraft,
LlJF = 57.8°

We shall now introduce a set of polar coordinates in the XAYA-plane.
Since the projection of the illuminated surface is symmetric with respect
to the VA-axis, we should introduce these polar coordinates, R and ¢, in
such a manner that the polar angle ¢ is measured from the yA-axis in the
positive direction (Fig., 15). This will enable us to evaluate the integrals
which appear in the expressions for the solar pressure force (Eq. 41)
and the moment of the solar pressure force (Eq. 45) over one-half of the

surface and double the result,

In the case when the antenna is partially in the shade, the line which
separates the illuminated part of the surface from the part in the shade
projects in the xAyA—plane as part of a straight line SS1 (Fig. 15), at a

distance
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Y::.-E.C.)_E_'Db_.

s 2N (87)
from the XA-axis. Hence, the central angle 2 is given by
Y
_ 5 _ cot
cos & = T C T Zne (88)

The polar coordinates are defined by

XA = - R sin @
(89)
Ya = R cos ¢
Hence,
2
Zp = AR {90)

cos® = ZAR cos @ gin |t + cos

(91)
J1+ an2R?

The surface element, d§, is

dx , dy 5
ds = __::‘.‘:_:_:‘f_, = RdR dt’,OJl + a2R? (92)
N . N |

Since, for the high-gain antenna, B =

0 (no specular reflection), the solar

radiation force, given by Eq. (41), becomes

)|
n

A — {B(f)[y + (1 - v} K{r, 8}] N+UT } dS cos B (93)
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The back side of the antenna surface is painted black; very little percentage
of the incident radiation (10%) is reflected and the major portion (90%) is
absorbed and re-radiated isotropically into space as thermal radiation from

both surfaces of the antenna, Hence, Eq. (86) can be written in the form

A
_fA=-——-§ ff [ B(f) yN + U] dS cos ©
p
5

+ B(f) (1 - y) K(r,8) N dS cos 8 (94)

From Egs. {83) and (84) we find the components of vectors N and T

along the axes of the antenna-fixed reference system NI They are
B —- ZNXp _2AR sin @ ]
NXA = N- Xp = =
_ f1+4}\zA fl+47\2R2
FANRY
- — 2
N, = N-yf = A - AR cos & ' (95)
¥ T+ 4nz 2.2
A 1+4"R
—_ =% 1 1
N = N+ g7 = - e—— -
z A A
ﬂ1+4‘th ,l+4}~.2R2
_ _E_J__ -_— _ 1
UXA = © X, = 0
- 17 =% -
UYA = 1 YA T sin - {96)
—  —%
UZA=U-ZA=-cos¢
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Substituting the expression for the function K(r,8) from Eq. {39), by

setting B(f) = 2/3, we obtain, instead of Eq. (94),
N NxA UxA
-_— _ S |
FA—-;—Z- B(f)Yfy + (1 - v} K] NyA + UYA dS cos 6
S NzA UzA J
2A P(1 - y) XA
.8 cos 8)/4 | N ds
3p7/2. vA
S zA
N
- 5 (cos 0) N_oa [|ds (37)
3p ¥
S N, o
or
[ 1, [7, [ %\
Fo-L |1 |+ 2L 7 1+4 | x (98)
A p‘?‘ v p7;2 v p5 v
1 J K
Z zZ zZ

The values of components 1, I , I, J ,J ,J, K, K, K for different
x' Ty Tz Tx" Ty Tz x’ Ty Tz
values of the angle U are obtained by numerical integrations (see Appendix).

They are shown in Table 13.

The components of the force fA’ obtained from Eq. (98) for different
values of {, are shown in Tables 14 and 15, The component along the

xA—axis of the antenna-fixed system is always
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and the values of FyA and FZA

magnitude of the force FA are given in Table 16. The values of the

are given in 106 newtons, The values of the

acceleration

where m is the mass of the spacecraft (m = 498.534 kg), are given in 1011

km/sz and shown in Table 17.

It is obvious, however, that the angle | cannot take all values between
0°-and 90° for every value of the ratio {. Hence, to find the values of
the angle & during the mission of the spacecraft, two unperturbed
(elliptical) trajectories have been generated., The first one covers the
Earth-Venus cruising period, while the second covers the Venus-Mercury

cruise phase. The osculating orbital elements used are:

a = semimajor axis of the ellipse
e = eccentricity of the ellipse

i = inclination of the spacecraft's orbit to the ecliptic plane

of 1950.0
$2 = longitude of the ascending node of the spacecraft's orbit
w = argument of perihelion of the spacecraft's orbit
MO = mean anomaly of the spacecraft at the time of the trajectory
initialization

All orbital parameters are osculating parameters for a certain date,
and the last four, the angles 1, 2, w, and MO’ are taken relative to the
inertial Earth's ecliptic reference plane' of 1950, 0. For the first cruise

phase, from Earth to the neighborhood of Venus, the orbital parameters

are:
a = 1,197432 X 108 km
e = 0,239245
i = 372591
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Q = 40°1884

w = 18174284

M, = 1865 2239
Epoch = 1973, Nov. 9.81

For the cruise phase between Venus and Mercury, the osculating orbital

elements are taken to be

0.931175 X 10° km

m
1]

e = 0.258303

473516

[
il

2= 1071687
w = 27104563
M, = 25276186
Epoch = 1974, Feb. 8,71

A simple program {see Appendix) was used to obtain the values of
the angle y and the components of the solar radiation force in the high-gain

antenna reference frame KpAVAZ A and the magnitude of the acceleration ap.
The results are shown in Table 18, Time is given in days, counted since
the beginning of the Earth-Venus cruise phase (1973, Nov. 3.81).

The moment of the solar pressure force about the origin of the antenna-

fixed reference system is given by Eq. (45):

M, = - — [vEXX X N) + (1 - pyNX x T) cos 8] as

S

where the function v(0) is given by Eq. (44). Because of the fact that the

specular reflection coefficient f = 0, we find that

v(8) = B(f)[y + (1 - y) K{(r,0)]} cos @
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where K(r,8) is given by Eq. (39). Also,

XA - R sin @
X = Va = R cos @
Z 5 RRZ

Due to the fact that the x, - component of the force fA vanishes, the

- A iy
V" and zA—components of the moment MAO) vanish, i.e.,
(O) _
MYA = 0
(O) _
MzA =0

and the only component (and also the total moment vector) of 1\711&0) is the

one along the xA-axis, M}(S\)n The time variations of the magnitude of the
moment l_I\ZAO)\ are shown in Table 19,

To obtain the components of the force FA in the spacecraft-fixed
reference system xyz, we shall use the transformation equation (78}.

Denoting these components by F oy FAV’ F o we find

FAX -1 0 0 0
F, = FAY = 0 cosy . sinyg F‘)fA (99)
Fap 0 sin - cos | FzA

The values of components FA ) FAy’ and F are shown in Table 20.

Az

The components of the moment vector of the solar radiation force in

y:4

the spacecraft-fixed reference frame xyz (the unit vectors along these axes

have previously been denoted by 'é_l, e 53 and defined in expressions 66)

2,
can be derived in the following manner.
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The elementary moment vector of the radiation force about the origin

O of the antenna-fixed system of reference is

where dFA is the elementary force vector. From Fig. 16, which shows the
spacial relationship between the antenna-fixed and the spacecraft-fixed

reference system, we see that, for any point P of the antenna,

X=X, -X

A 0
Hence,
de) = X, XdF, - X, xdF,
where
X, X dF, = de)
dM‘(AO) = dﬁf) - Xy X dF ,

Integrating over the illuminated surface area of the high-gain antenna
reflector, we obtain the moment vector of the solar radiation force about

the origin of the spacecraft-fixed system:

_( — —_—
M, n T XGXF, {100)

Because of the fact that the moment vector HEXO) has only one component,

M;g), and since the axis XA and x are antiparallel, we have
(O) 2y (0)
MAX MXA
=(0) _ -
MA = 0 = 0
0 0
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(O) _ (O)
MAX T T TTxA
Hence,
(©) - 3z =
MxA e1 o'a2 ey
—(C) o
MA = + Xac YAC Zac {(101)
0 0 FAy FAz

where Xacr YAG? ZAC (Eq. 78) are the coordinates of the Orlglf ofjhe _
antenna-fixed reference frame in the spacecraft-fixed system, €1s €5, €3
are the unit vectors along the axes of the spacecraft-fixed system, and, from

Eq- (99)’

F :FyAc_:oslp+FZAslnq;

(102)

b
n

¥ sin § - FZ cos Y

Az VA A
At this point it should be mentioned that all of the derived expressions
for the solar radiation force and its moment are valid through the Earth-
Venus and Venus-Mercury phases, After the encounter with Mercury, the
Earth-spacecraft-antisolar point angle U becomes greater than 90°, and

the Sun rays reach the front (concave) side of the antenna reflector, For

90° < § < 180° - Y T 122.2°

both front and back surfaces of the antenna reflector are partially

irradiated, while for

180° - b =4 =180°

the back side of the antenna is in the shade and only the front (concave) side

of the antenna is irradiated, At the point of the superior conjunction (when
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the spacecraft, Sun, and the Earth are on a line, the Sun being between

the Earth and the spacecraft), § = 180°

The expressions for the solar pressure and its moment for the concave
side of the high-gain antenna reflector are given in Refs. 1 and 2. The
solar radiation force on the antenna during the extended mission of the
Mariner Venus/Mercury spacecraft (beyond Mercury encounter) will be

treated elsewhere.

XII. THE SOLAR RADIATION FORCE AND TORQUE
ON TWO SOLAR PANELS

The two solar panels of the Mariner Venus/Mercuryr spacecraft are
flat surfaces covered with solar cells which supply the spacecraft with
electric energy. The x-axis of the spacecraft-fixed frame of reference is
the axis of symmetry of solar panels, The total area of both panels is
5.8312 m® (Table 11).

At the beginning of the mission, both solar panels are perpendicular
to the Sun-spacecraft line, Later, when the spacecraft approaches the Sun,
the temperature of the solar panels would rise considerably and the voltage
of the electric power system would suffer considerable changes. For that
reason, in order to counteract and neutralize these effects, the solar panels
are tilted during the mission about the x-axis of the spacecraft-fixed

reference frame in such a manner that the angle of tilt
B = arccos (U . N)

increases as the distance of the spacecraft from the Sun decreases. The
process is not continuous, and the position of the solar panels is updated
at certain times, as shown in Table 21 {Ref, 14). BRoth panels are tilted
(rotated) in the same direction in order to avoid additional torques, which

would require an extra amount of fuel to counteract, and by the same angle,

The Sun-side (front side) of the panels is covered with solar cells.
About 22% of the radiant energy is reflected, 75% of it specularly (Table 12).
The remaining 78% of the ene rgy is absorbed and re-radiated from both

surfaces of the panels. Since the emissivity of the antisolar point side is
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higher than the emissivity of the Sun side, that portion of the solar radiation
force due to the thermal re-radiation will, therefore, be directed toward
the Sun., The thickness of the material of which the solar panels are made
is 1.27 cm, and the thermal conductivity of the material is the same asg that

of the antenna reflector,

Since the area of the sclar panels is flat and the angle 0 is a step-
function of time, the function K{r,0), given by Eq. (16), depénds on r only.,

Hence; because

0
N = sin ©
cos O
0
U=1410
1

the solar radiation force, given by Eg. (41), becomes, after integration

~ Mshsp
Fep = - 7—- [zssp Ygp €08 8 + B(f) (ysp(l - Bgp)
0
+ (1 - YSP) K(r,e))} sin B
cos O
0
+ (1 - BSP -YSP) 0 cos O (103)
1

It is easy to see from the spacecraft geometry that the component of this

force along the x-axis of the spacecraft-fixed system is zero, i.e.,
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By the same token, the moment of the sclar radiation force about the

origin of the spacecraft-fixed reference frame xyz vanishes, i.e.,

7€)
Mgp = ©

This fact can also be derived from Eq. (45), which gives the moment vector
of the solar radiation force. The only two integrals which appear in

Eq. (45) are

(X x N) dS

and

‘The unit vectors N and U are constant insofar as the integration over

the surface area of solar panels is concerned, Hence,

{. i

j(ixﬁ)ds:-ﬁx X ds
S S

(XxT)ds = - T X [de

S , S

where the integral
X as
S
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represents the static (linear) moment vector of inertia. The origin of the
spacecraft-fixed reference system is located at the center of mass of the

solar panels; therefore,

97}
11
o

and the total moment of the solar radiation force vanishes.

The values of the components of the solar radiation force, Fo., ,
FSPV SPz’ acting on two solar panels during the Earth-Venus and Venus-
Mercury phases are computed using the program shown in the Appendlx
and in Table 22. The acceleration due to this force is

SP m

Tts values are also listed in Table 22,

XIII. THE SOLAR RADIATION FORCE AND TORQUE ON THE MAIN
SUNSHADE OF THE SPACECRAFT AND THE CIRCULAR TV e
CAMERA HEAT SHIELD

The main sunshade of the Mariner Venus/Mercury spacecraft consists
of eight flat trapezoidal surfaces and one circular heat shield of radius

45.7 cm in the middle (Fig. 17). All surfaces are adiabatic and, therefore,
K(r,8) =

In Table 11, the shades are defined by the coordinates of their end-

points, in the spacecraft-fixed system of reference. Let

Fsox

Fss = | Fssy

FSSz
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be the total force on the spacecraft's sunshade. The angle of incidence of
all eight trapezoids are approximately the same. The average value of the
angle is © = 15.86°, and the average surface area of one particular

trapezoid is 0,3500 mz.

The cross-section of the sunshade and the force diagram are shown
in Fig. 18, It is obvious that, assuming the same surface areas and the
same angle of incidence, the lateral force components, parallel to the
xy-plane of the spacecraft-fixed system, cancel; therefore, the sum of all

lateral forces will vanish, In other words,

and, by the same token, the total moment of the solar radiation force
7€) _
MSS =0

To obtain the value of the z-component of the solar radiation force
fSS on eight trapezoids of the main sunshade and the circular heat shield

in the middle, we can use Eq. (103}, For the octagon sunshade {Table 12)

I

Vgs 0. 48 (after exposure)

I}

Bsg 0,21 (after exposure)

and, for the circular heat shield, 7

Yi1g 0. 72 (after exposure)

Brg = 1.0

7Inc1uding the jet nozzle on the +z-axis, which is small.
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Hence, the total force on all shading surfaces along the z-axis is

Ao &

- S °'SS 2
FSSz = - ————pz [ZﬁSS Ygg ©°8 8 + B ySS(l - ﬁSS) cos ©
+ (1 - ﬁss YSS) + B(f) (1 - YSS) cos 8 | cos ©
N A
S H
P
where
ASS = 2.3106 mz = total surface area of the illuminated part of
the octagon
AI—IS = 0.6563 mz' = area of the circular TV camera heat shield
Thus,
)\S
FSSZ = - 4.94624-‘3—2 (newtons) (104}

XIV. THE SOLAR RADIATION FORCE AND TORQUE ON
THE MAGNETOMETER BOOM AND SHADES

The magnetometer boom is a circular cylinder of radius rp = 3.2 em,
made of silvered Teflon. The position of the axis of symmetry of the
boom relative to the spacecraft-fixed reference frame is defined by two
points on the axis (Table 11), which is parallel to the y-axis of the space-
craft. The length of the boom is

Lyg = 6.012 m
and the surface of the cylinder is adiabatic, which implies that K(r, 6y =1,
. The position of the boom is shown in Fig. 19; Xpor YBo’ ZRo 2 coordin-
ates of the footpoint of the magnetometer boom, which is taken as the

origin of a local, boom-fixed system of reference axes XoypzZp.
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From Table 12, we find

0.85 (after exposure)
pp = 1.0

and, from Table 11,

Xpg T - 25.4 cm
Ypo = - 120.7 cm
Zp0 = 31.8 em

From Fig. 19 we see that

Yy = - ¥g T ¥gp (105)

Since the cylinder is symmetric about the plane parallel to the direction of

the solar rays (YBZB—plane), it is easy to conclude that

Fszo

FBYZD

and the only component of the solar radiation force on the magnetometer

boom, FB’ is the one along the z-axis, FBz

The unit vector along the local normal to the cylindrical surface of the
boom is given by (Fig. 20)
sin ¢
0

cos

Zi
i
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and the unit vector along the spacecraft-Sun line is given by

0
0
-1

=
I

where the angle ¢ is measgured in the positive direction from the zB-axis.

As we have previously mentioned, the surface of the boom is assumed
to be adiabatic; hence K(r,8) = 1. Also, @B =1,0; 1~ [3B = 0. The
expression for the solar radiation force along the z-axis, which we take

from Eq. (41} again, is

Fp, = }:p—g [ZYB cos@ cos 6 - (1 -YB) + B(f)(1 -yB) cos ] cos 6 dS
S
Here
cos® =T N = - cos¢@
and
ds d}:OBSd(zB = rp dyg 49
Hence,
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or

6+Tr—(1r—2)yB )‘S
FBz = - 3 rBLB p—z- (106)
or
rs
FBz = - 0.52401 ;E (newtons) (107)

With K(r,8) = ! and ﬁB = 1,0, the expression for the solar radiation

torque, given by Eq. {45), about the origin of the spacecraft-fixed system of
reference axes, because of

B " *RoO
X =1 -vg *¥go
——zB-!-zBO
becomes
€1 °2 €3 r 1B
—(C) _
Mg = | X5 Ypo Zpo | ' ~yg }*9Fg
] 0 FBz S5 —zB
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or

3
v r Y CcOoSs qﬁ
BO L 3n/2 B
—(C) M Tp B 3
ME" = |- xp, FBz - > ZyB ZrB sin® cos” @
P YB:O qO:Tr/z
0 _ . 2
1 ¥y Sin @ cos @
Vg cosztp
- B{f)(1 - YB) ZrB sin ¢? cos
Vg sin ¢
YB cos ¢ ]
+ (1 - \/B) rp sin @ cos ¢ dyB‘ dy
0
After the performed integration, we obtain
Aol L2 L
(C) _ S"BB B
Mpx =VmoFBz t- 0o [6+m-(m-2) vg] YBo "2 | FBz
(C) .
Mpy = = *po ¥y
(C) _ -
MBZ =0
or
L -
9 - {rs0-22)
Mpx Yo~ 2 /¥B2
(C) _ 1 (108)
Mgy = - %o ¥y
(C)
Mg = 0 J
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Finally, substituting the numerical values of Ypr Xpg’ Yo' Tp and
LB’ we obtain
M€ - 2,20763 2 ]
Bx 2
p
X
(C) . S
MBY = - 0.13310 pz } (109)
(C)
MBZ 0
ot

The three magnetometer shades are flat surfaces made of the same
material from which the magnetometer boom is made. The total area,
perpendicular to the Sun-gpacecraft line, of all three sunshades is 0.2566 mz.
Since all three surfaces face the Sun, the angle of incidence 6 = 0, and
the total force is along the z-axis of the spacecraft-fixed system of refer-
ence, For K =1 (surfaces are adiabatic) and BB = 1, the total force on all

three surfaces may be obtained directly from Eq. {103):

0. 2566 )\S
FMSZ = - —-3—-'?'—-—- (5 +yB) (110).
P
or
s
FMSZ = - 0,50037 —p—z (newtons) (111)

To obtain the total moment of the solar radiation forces on all three
rectangular sunshades, we shall calculate the coordinates of their respec-
tive centers of mass, using end-point coordinates from Table 11, The

results are shown in Table 23,

If FI(\::I)SZ’ i=1, 2, 3, are the forces on the three sunshades and Xy
Yeir 2y 2re the coordinates of their respective centers of mass, the
moment vectors about the origin of the spacecraft-fixed system of

reference, C, are
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€y €, ey
—=(C) . -
Myisay | *ci Yei Zer | i h &3
(i)
0 0 FMSZ
or
Yci
—=(C)  _ (i)
Musiay = | - *ci | Fumsa
o
Because
0.0605 N b
(1) _ S 3 S
Flig, = = — 35— (5 +yg) = - 0.11797 =
3p P
0,0877 N *
(2) _ S o _S
Fighy = - —3—= (5 +yg) = - 0.17101 ~3
3p P
0.1084 \ N
(3) _ S - S
Fre, = - — (5 +vyg) = - 0.21138 =
p P
we obtain, using Eq. (112},
0.53956
X
—(C) - S
MMS(I) = pz ~ 0,03014
0
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1.16974

(C) __S
MpMs2) = 2 \" 0.04361
0
0.89076
A
=G _ S8
Myrs(3) = 2 |- 0.05929
0

Hence, the components of the total moment vectors are

K -
cy _ s
MMSX = 2.60006 pz
(G) Ms
- 2 -
Mgy = - 0. 13304 > (113)
(C)
MMSZ =0

in newton-meters.

XV. THE SOLAR RADIATION FORCE AND TORQUE ON THE
THREE IRR INSTRUMENT SUNSHADES

The infrared radiometer (IRR) is protected from the direct solar
radiation by means of two flat, rectangular plates, one perpendicular to
the direction of solar radiation, the other inclined by an angle BRS = 43.10°
to the z-axis of the spacecraft-fixed system. The position of the two
sunshades relative to the reference axes of the spacecraft's reference
system is shown in Fig. 21. Both surfaces are coated with Teflon Beta
cloth and are adiabatic (K{r,0) = 1), The two reflectivity parameters of

the surface are
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Prg = 0-21 (after exposure}

YRs 0. 48 (after exposure)

The surface area of the first sunshade is 0. 0406 rnz, and the area of

the second (tilted) sunshade is 0, 0299 mz. Denoting by fgé, i=1, 2, the

solar radiation forces of two sunshades, we find, using Eq. (103),

0
1 g
F‘ﬁ{; - 0 = (newtons) (114)
~0. 06903

For the second (tilted) sunshade, the cone angle of the normal to the
surface is

BRS = 43,10

and its clock angle is (Fig. 21)

('DRS = 218,55
Hence,
Cos Ppg sin eRS - 0.53436
N = sin (’DRS sin BRS = - 0.42581
cos BRS 0.73016

and the exprussion for the solar radiation force, '~ken from Eq. (103},
yields
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[ .
cos (pRS sin BRS
F(?‘) = -0 0299)—\—5- { 2B cos O + B(H)i(1 - P M sine¢, . 8in 6
RS - T " 02 RS'RS RS RSYRS RS RS
cos 6
L RS
0
+ (1 - ﬁRSYRS) 0 |bcos BRS
1
and, finally, "
0.008711
_ A
F& - | 0.006941 | =5 (newtons) (115)
RS pZ
-0.031534
If x(i) (1) (i) s 1=1, 2, are coordinates of the centers of mass

RC’ YRC’ *RC
of the two sunshades, the moments of the solar radiation forces acting on

their respective surfaces, about the origin of the spacecraft-fixed system

C, are

=€) _ =)

M xFH 42,2

RS(i) - 'RC RS’

where

—(i) _ _{) = (1) = i) —= .
'RC T *Rc ®1 T YRc %2 TZrc ®3r 17 L 2

are position vectors of centers of mass of the IRR shades. The coordinates

of the centers of mass of the two IRR sunshades are given in Table 24,

(C) .
The moment vectors MRS(i)’ i=1, 2, are
0. 06063
MC) - | o 03262 ] o8 (116)
RS(1) * pz
0
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0.02581

—=C)y _ |[._ Ms
Mpgz) = 0.01251 > (117)
0.00438 P
The total solar radiation force on both sunshades is then
0.008711
A
= _ =(1) | =(2) _ S
FRS = FRS + FRS = 0. 006941 pz (newtons) (118)
-0.100564
and the total moment vector is
0. 08644
A
70 = | _0.04513 | =S (newton-meters) (119)
RS p?‘
0. 00438

XVI. THE SOLAR RADIATION FORCE AND TORQUE ON
PSE INSTRUMENT SURFACES

The plasma science experiment instrument has three flat adiabatic
surfaces covered with silvered Teflon., The instrument is rotating about
an axis parallel to the xy-axis of the spacecraft-fixed system of reference,
the position of which is defined by two points (Table 11). The areas of the
three rectangular surfaces are 0.0705, 0.0830, and 0.0830 mz, respec-
tively, with one of the surfaces always facing the Sun. The lateral com-
ponents of the solar radiation force, parallel to the xy-plane, which are
periodically generated by the rotation of the instrument, are very small due
to the fact that they always appear in antiparallel pairs., Therefore, without
any loss of accuracy, we shall compute the solar radiation force and its
moment on one of the rectangles when its surface area is facing the Sun.

The reflectivity coefficients of the coating material are

Vp 0. 85 (after exposure}

ﬁP = 1.0
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Also, K(r,08) = 1. Equation (103) yields, for the solar radiation force,

Ng Sty
F_ o= = __ P
Fp = - 0.0830 > 3 0
P 1
or
- ° g
Fp = 0 — (120)
-0.16185/ F
The position of the center of mass of the rectangle is defined by the
vector

- 0.6445
rPC = -1.314

0.610

and the moment of the solar radiation force on this surface, about the

origin of the spacecraft-fixed system of reference, is given by

MC T xF

P PC P
or
0.21267
—(C) Mg
MP = -0.10431 — (newton-meters) (121)
:
0
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XV1Il, THE SOLAR RADIATION FORCE AND TORQUE ON THE
SURFACE OF THE UVS SUNSHADE

The adiabatic surface of the ultraviolet spectrometer (UVS) sunshade
is a rectangle, perpendicular to the z-axis of the spacecraft-fixed reference
system, coated with the alzak anodized aluminum. The reflectivity param-

eters of the coating material are

n

Yy 0. 72 (after exposure)

Py

and the surface area is 0. 0546 mz. Also, K(r,0) = 1. The expression for
the solar radiation force can be obtained again from Eq. (103), or from the

equation pfeaeding Eq. (120):

A 5+y
F - S U
FU = - 0.0546 > 3
P 1
or
0
— 7“s
F_ . = 0 — (newtons) {122)
U pZ
-0,104104

The center of mass of the rectangle is defined by the vector
(Table 11)

0.2055
-1,2025
0. 4040

K|
ii

UucC
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and the moment of the solar radiation force about the origin of the

spacecraft-fixed reference system is

M 23 xF

[§) uc U
or
0.12519
—=(C) Ms
MU = 0.02139 — (newton-meters) (123)
P
0

XVIII, THE SOLAR RADIATION FORCE AND TORQUE ON
ALL ADIABATIC SURFACES

To obtain the total solar radiation force on all adiabatic surfaces, we
have to add algebraically the expressions for the constituent parts of the
force given by Eqs. (104), (107), (111), (118), (120), and (122). The

resultant force is then given by

0.008711
Mg
0.006941 | > (newtons) (124)

02

fy
i

AD
\ -6.337135 /

In exactly the same manner we shall obtain the total moment of the
solar radiation force on all adiabatic surfaces., By adding algebraically
the corresponding components of moment vectors given by Eqgs. (109), (113),

(119), (121), and (123), we obtain

5.23199
1
—(C S
Mfa\_[; - -0,39419 ;E (newton-meters) (125)
0, 00438
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The total acceleration is given by

where m is the mass of the spacecraft.

The results, obtained from the numerical program shown in the

Appendix, are given in Table 25.

XIX, TOTAL SOLAR RADIATION FORCE AND TORQUE ON THE
MARINER VENUS/MERCURY SPACECRAFT

The total solar radiation force on the Mariner Venus/Mercury space-
craft and the moment of the force are obtained by the vectorial addition of
vector force and vector moments on all parts of the spacecraft. They a.re,.

respectively,

|
il
o
1]
|
+
|
+
ol

{C)
MRX

(C) (C) | - =(C) , 77(C)
R Mpy |7 Ma *Mpp

£l
2l

(C)
MRz

Table 26 gives the values of the components of the total solar radiation
force and the total torque along the axes of the spacecraft-fixed system
of reference, To obtain the moment of the solar radiation force on the
high-gain antenna reflector, the lowest point of the reflector (the origin of
the antenna-fixed reference system XAYAZA) is taken to be in its extreme

position on the +y-axis of the spacecraft-fixed system of reference.
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10.

11,

The magnitude of the total acceleration is

) | Fx|
%R m
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DEFINITION OF SYMBOLS AND ABBREVIATIONS

A

[A]

55
AU

68

a constant
transformation matrix

value of the constant A for the high-gain antenna

reflector

surface area of the back (not irradiated) surface
surface area of the front (irradiated) surface
reflectivity function

value of the reflectivity function A(f) obtained

from L.ambert's directional distribution law
surface area of the TV camera heat shield

value of the constant A for solar panels; also

surface area of solar panels
total surface area of the main octagonal sunshade
astronomical unit

semimajor axis of the spacecraft's orbit
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SP

magnitude of the acceleration of the solar radiation

force on the high-gain antenna reflector

magnitude of the total acceleration of the solar

radiation force on all adiabatic surfaces

direction cosines -of the principal axes of inertia
of the spacecraft relative to the axes of the

spacecraft-fixed system xyz (i = 1,2, 3)

magnitude of the total acceleration of the golar
radiation force on the Mariner Venus/Mercury

spacecraft

magnitude of the acceleration of the solar

radiation force on two solar panels

a constant

transformation matrix

value of the constant B for the high-gain antenna

reflector
reflectivity function

value of B(f) obtained from Lambert's directional

distribution law

value of the constant B for solar panels

origin of the spacecraft-fixed reference system
speed of light

directional distribution law of diffuse reflection
eccentricity of the spacecraft's orbit

unit vectors along the axes of the spacecraft-

fixed reference frame

unit vectors along the axes of the Sun-Canopus

reference system

total solar radiation force
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Hj

ey

AD
ADx’" ADy’ ~ ADgz

Ax? FA\[’ FAz

|

Bx, " By’ FBz

2!
d

RR

el

RS

70

solar radiation force on the high-gain antenna

reflector

total solar radiation force on all adiabatic surfaces

of the Mariner Venus/Mercury spacecraft

components of force fAD along the axes of the

spacecraft-fixed reference system

components of force FA along the axes of the

spacecraft-fixed reference system

solar radiation force on the cylindrical surface

of the magnetometer boom

components of force F_ along the axes of the

B
spacecraft-fixed reference system

cormponent of the solar radiation force due to

diffuse reflection
force generated by the incident radiation

total solar radiation force on the three magnetom-

eter sunshades

solar radiation forces on magnetometer sunshades
i=1,2,3)
magnitude of force FN

normal component of the solar radiation force

solar radiation force on the surface of the PSE

instrument

component of the solar radiation force due to

specular reflection

total sclar radiation force on the Mariner

Venus/Mercury spacecraft

component of the solar radiation force due to the

thermal re-radiation

total solar radiation force on two IRR sunshades
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=(1)
Frs

Rx’~ Ry’ FRz

|

SP

SPx’ " SPy’ FSPZ

|

S5

ssx’ Fssy’ Fssz

i

XA’ T yA' T zA

F(x, v, a)

f(e)

=

solar radiation force on two IRR sunshades
(i=1,2)

components of force F along the axes of the

R
gspacecraft-fizxed reference gystem

solar radiation force on two solar panels

components of force ]-5’_5 along the axes of the

P
spacecraft-fixed reference system

solar radiation force on the surface of the main

octagonal sunshade of the spacecraft

components of force F__ along the axes of the

5SS
gpacecraft-fixed reference system

golar radiation force on the surface of the UVS

sunshade

components. of force FA along the axes of the

antenna-fixed reference system

equation of the reflecting surface

angular distribution law of the diffuse reflection
depth of the high-gain antenna reflector

radiant flux per unit solid angle

a consgtant

components of the solar radiation force on the

high-gain antenna reflector
infrared radiometer

inclination of the spacecraft's orbit plane to the

ecliptic plane of 1950, 0

unit vector along the first principal axis of

inertia of the spacecraft
radiant energy per unit area per unit time

solar constant
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J , Jy’ J components of the solar radiation force on the

high-gain antenna reflector

J unit vector along the second principal axis of

inertia of the spacecraft

K thermal re-radiation constant
K{r, 8) thermal re-radiation function
KS solar radiation constant
Kx’ Ky’ KZ components of the solar radiation force on the

high-gain antenna reflector

k thermal conductivity of material
k unit vector along the third principal axis of
inertia of the spacecraft -
kA thermal conductivity of the high-gain antenna
reflector
kSP thermal conductivity of solar panels
LB length of the magnetometer boom
£ thickness of the conducting material
EA. thickness of the high-gain antenna reflector
ESP thickness of solar panels
My mean anomaly of the spacecraft at the time of
the trajectory initialization
—l\i(o) total moment of the solar radiation force about
a point O
ﬁl(f) moment of the svlar radiation force on the high-
gain antenna reflector about the origin of the
antenna-fixed reference frame
ﬁff) moment of the solar radiation force on the high-

gain antenna reflector about the origin of the

spacecraft-fixed reference system
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(C) (C) (C)
ADx’ MaDy MaDp:

(O)
Ax

(C) 14(C) \(©)

Mpy'Mpy»Mp,

={(C)

MS

—(C)
Mpisa)

(C)

(C)
MMSy’

(C)
M MS=z

MSx’ M
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total moment of the solar radiation force on all
adiabatic surfaces of the spacecraft about the
origin of the spacecraft-fixed reference system

(C}
AD
the axes of the spacecraft-fixed reference system

components of the moment vector M, 7. along

Vcomponent of the moment vector _I»ZJ(AO) along

the x-axis of the spacecraft-fixed reference
system about the origin of the antenna-fixed

reference system

component of the moment vector M}B&C) along
the x-axis of the spacecraft-fixed reference

gystem

moment of the solar xradiation force on the
cylindrical surface of the magnetometer boom
about the origin of the spacecraft-fixed reference
system

(C)
B
axes of the spacecraft-fixed reference frame

components of the moment vector M along the

total moment of the solar radiation force on all
three magnetometer sunshades about the origin of

the spacecraft-fixed reference frame

moments of the solar radiation forces on magnetom-
eter sunshades (i = 1,2, 3) about the origin of

the spacecraft-fixed reference system

(C)
MS
the axes of the spacecraft-fixed reference

components of the moment vector ™M along

system

moment of the solar radiation force on the
surface of the PSE instrument about the origin

of the spacecraft-fixed reference system
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#\C)
RS(i)

(C) ,(C) (C)
Mpx' Mgy Mg,
M©)

SP

7rlC)
Ss

—(C)
My

(0) (O} (O}
Moa Mya Moy

2l

Near Noar Noa
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total moment of the solar radiation force on the
Mariner Venus/Mercury spacecraft about the

origin of the spacecraft-fixed frame reference

total moment of the solar radiation force on two
IRR sunshades about the origin of the spacecraft-

fixed reference system

moments of the solar radiation forces on two IRR
sunshades (i = 1, 2) about the origin of the

spacecraft-fixed reference system

components of the moment vector H&C) along the

axes of the spacecraft-fixed reference system

motrnient of the gsolar radiation force on two
solar panels about the origin of the spacecraft-

fixed reference frame

moment of the solar radiation force on the
surface of the main octagonal sunshade about
the origin of the spacecraft-fixed reference

system

moment of the solar radiation force on the
surface of the UVS sunshade about the origin

of the spacecraft-fixed reference frame

components of the moment _I\Z(O) along the axes

A

of the antenna-fixed reference system
mass of the spacecraft

unit vector along the local normal to the

reflecting surface

components of the unit vector of the local normal
to the surface of the high-pgain antenna reflector
along the axes of the antenna-fixed reference

system

origin of the antenna-fixed reference system

auxiliary constant
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R(r, )

H

PC

—(1)
'rRC

value of the constant P for the high-gain

antenna reflector

normal component of the force FI
normal component of the force FR
value of the constant P for solar panels
plasma science experiment (instrument)

auxiliary constant

value of the constant Q for the high-gain

antenna reflector
value of the constant Q for solar panels
emissive power of a surface

emissive power of the back (not irradiated)

surface

emissive power of the front (irradiated)

surface

polar distance in the xAyA-plane of the

antenna-fixed reference framme

function of the heliocentric distance and the
angle of incidence in the expression for the

thermal re-radiation

heliocentric distance of the spacecraft
heliocentric position vector of the spacecraft
radius of the magnetometer boom
heliocentric pogition vector of the Earth

position vector of the center of mass of the PSE
instrument surface in the spacecraft-fixed

reference frame

position vectors of centers of mass of IRR
sunshades (i = 1, 2) in the spacecraft-fixed

reference system
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!

uc

H

T

TO(r,B)

=

p_]

xA’ TyA’ TzA

uvs

>

bl

b
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MW ¥

position vector of the center of mass of the UVS
sunshade in the spacecraft-fixed reference

system

surface area

temperature in kelvins (K)

unit vector along the local tangent
a constant

first approximation of the surface temperature

value cf constant T* for the high-gain antenna reflector

temperature of the back (not irradiated) surface
temperature of the front (irradiated) surface

tangential component of force FI

tangential component of force FR

value of constant T* for solar panels
unit vector along the spacecraft-Sun direction

unit vector along the spacecraft-star Canopus

direction

components of the unit vector U along the axes

of the antenna-~fixed reference system
ultraviolet spectrometer

position vector of a point relative to the

spacecraft-fixed reference frame

position vector of the origin of the antenna-fixed
reference system relative to the origin of the

spacecraft-fixed system

position vector of a point on the high-gain antenna
surface relative to the origin of the antenna-

fixed reference system
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X, V. 2

XA,YA,ZA
ok — % ¥
XA YA A
ac'Yac’ 2Ac
Xp' YR’ R
R0’ YBO’ “BO

XC,YC,Z.C

*ci*Yci* 2ci

iy _{)y _@{@)
Xrc? YRC’ *RC

*s' Vg7 %3

coordinates of a point of the spacecraft in the

spacecraft-fixed reference frame

coordinate axes of the high-gain antenna-fixed

reference system

unit vectors along the axes of the antenna-fixed

reference frame

coordinates of the origin of the antenna-fixed

reference system in the spacecraft-fixed system

coordinate axes of the magnetometer boom-fixed

reference frame

coordinates of the footpoint of the magnetometer

boom in the spacecraft-fixed reference frame

coordinates of the center of mass of the spacecraft

in the spacecraft-fixed reference system

coordinates of centers of mass of magnetometer
sunshades (i = 1,2, 3) in the spacecraft-fixed

reference system

coordinates of centers of mass of two IRR sun-
shades (i = 1, 2) in the spacecraft-fixed

reference frame

coordinate axes of the Sun-Canopus system of

reference

distance from the line of shadow of the high-gain
antenna reflector from the XA—a.XiS of the antenna-
fixed reference system

value of the angle of incidence (0) at which the
directional distribution law of the diffuse reflection

beging to deviate from Lambert's cosine law
Sun-spacecraft-Earth angle

portion of specularly reflected radiation

value of P for the surface of the magnetometer

boom
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value of P for the surface of the TV camera
heat shield

value of P for the surface of the PSE instrument
value of B for the surfaces of IRR sunshades

value of § for the illuminated surfaces of

solar panels

value of § for the surface of the main octagonal

sunshade of the spacecraft

value of P for the surface of the UVS sunshade
portion of reflected radiation

value of y for the surface of the high-gain antenna
reflector

value of y for the surface of the magnetometer
boom

value of y for the surface of the TV camera heat
shield

value of y for the suriace of the PSE instrument
value of y for the surfaces of IRR sunshades
vaiue of y for the surfaces of solar panels

value of y for the surface of the main octagonal

sunshade
value of y for the surface of the UVS sunshade

radius of aperture of the high-gain antenna

reflector

erissivity of a surface

emissivity of the back (not irradiated) surface
emissivity of the front (irradiated) surface
value of ¢_ for the high-gain antenna reflector

B

value of ¢ for solar panels
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T(r, )

EMXA’ YA: Z.A)

@

value of ¢

F for the high-gain antenna reflector

value of €

angle of incidence of the solar radiation

for solar panels

tilt angle of the sec_ond (tilted) IRR sunshade
constant of the high-gain antenna reflector
solar pressure constant

parameter in the diffuse reflection directional

distribution law
function of the angle of incidence 6

coordinates of a point on the spacecraft relative
to the reference system of principal axes of inertia

of the spacecraft

heliccentric distance of the spacecraft in

astronomical units
Stefan-Boltzmann's constant

ratio of front and back temperatures of a surface

central angle in the xAyA-plane of the antenna-
fixed reference frame; half of the central angle of
the projection of the illuminated surface of the

antenna in the x

ATA

equation of the convex surface of the high-gain

-plane

antenna in the antenna-fixed reference system

polar angle in the xAyA~p1ane of the high-gain
antenna-fixed reference system; also, azimuthal

angle of the incident radiation

clock angle of the normal to the surface of the

second (tilted) IRR sunshade

Earth-spacecraft-antisolar point angle

il

JPL Technical Memorandum 33-698



80

value of & at which the shadowing of the convex

surface of the high-gain antenna begins

longitude of the ascending node of the spacecraft's

orbit plane

argument of perihelion of the spacecraft's orbit;

also a solid angle
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Tahble 1,

Values of 7(r,8) for the high-gain antenna reflector

@, deg r=1.000

T(r,8)

r=0,884 r-0.768 r=0,652 r=0.536 r=0.420 r=0.304

10
15
20
25
30
35
40
45
50
55

60

70
75
80
85

990

L.

1.

026

026

. 026
. 026
. 025
. 024
. 024
. 023
022
. 020
. 019
. 018
. 016
.014
. 012
. 010
. 007
. 004

. 000

1. 031
1. 031
1.031
1.031
1. 030
1,029
1..028
1. 027
1. 026
1. 024
1,023

1.021

1.019.

1. 017
1.014
1. 012
1. 009
1. 005

1. 000

1.038
1. 038

1. 038

1.037

1. 037
1. 036
1. 035
1.033
1.032:
1.030
1,028
1. 026
1. 023
1. 021
1. 018
1. 014
1. 011
1. 006

1. 000

l.

1.

1.

048

048

048

. 047
. 046
. 045
. 044
. 042
. 040
. 038
. 035
. 033
. 030
. 026
. 022
. 018
. 014
. 008

. 000

1.

1

063

. 063
. 062
. 062
. 061
. 059
. 057
. 055
. 053
. 050
. 047
. 043
. 039
. 035
. 030
. 024
. 018
. 011

. 000

1.

1.

1.

088

087

087

. 086
. 084
. 082
. 080
. 077
. 073
. 069
. 065
. 060
. 055
. 049
. 042
. 035
. 026
. 016

. 000

1,

1.

1.

132

132

130

. 129
. 127
. 124
. 121
L 117
112
. 106
. 100
. 093
. 085
. 076
. 066
. 054
. 041
. 025

. 000
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Table 2. Values of 7(r,0) for solar panels

T(r,0)

8, deg r=1.000 r=0.884 r=0.768 r=0.652 r=0.536 r=0.420 r=0.304

0 1. 016 1. 019 1,024 1. 030 1. 040 1. 056 1.086

5 1. 016 1. 019 1.024 1. 030 1. 040 1. 056 1. 086
10 1. 016 1. 019 1,023 1. 030 1. 039 1,055 1.085
15 1,016 1. 019 1.023 1.029 1.039 1. 054 1,084
20 1. 015 1. 018 1.023 1. 029 1. 038 1. 053 1,083
25 1.015 1,018 1.022 1. 028 1. 037 1.052 1,081
30 1,015 1. 017 1.021 1. 027 1. 036 1.050 1. 078
35 1.014 1.017 1,021 1. 026 1.034 1. 049 1. 076
40 1. 013 1,016 1. 020 1,025 1.033 1..046 1,072
45 1. 013 1. 015 1.018 1.023 1.031 1. 044 1. 068
50 1.012 1.014 1.017 1. 022 1,029 1. 041 1. 064
55 1. 011 1.013 1.016 1. 020 1,027 1. 038 1. 059
60 1.010 1.012 1.014 1,018 1.024 1, 034 1. 054
65 1. 009 1. 010 1.013 i, 016 i.0z21 1.030 1. 048
70 1, 007 1. 009 1.011 1. 014 1,018 1. 026 1. 041
75 1. 006 1.007 1. 009 1,011 1.015 L. 021 1. 034
80 1,004 1. 0G5 1. 007 1. 008 1.011 1.016 1. 026
85 1. 003 1. 003 1. 004 1. 005 1,007 1. 010 1.015
g0 1. 000 1. 000 1. 000 1,000 1.000 1. 000 1. 000
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Table 3.

Values of K(r,8)

for the high-gain antenna reflector

K(r,8)

9, deg r=1.,000 r=0.884 r=0.768 r=0.652 r=0.536 r=0.420 r=0.304

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

90

0. 046 0. 056 0. 069 0. 088 0,116 0.161 0.238
0. 046 0. 056 0. 069 0. 088 0.116 0.160 0. 238
0. 046 0. 055 0. 069 0. 087 0.115 0,159 0,236
0. 045 0. 054 0. 068 0. 086 0.114 0.157 0.233
0. 044 0. 053 0, 066 0. 084 0.111 0.154 0.230
0. 043 G. 052 0. 064 0. 082 0.109 0.151 0.225
0. 041 0. 050 0. 062 0. 080 0. 105 0.146 0.219
0. 039 0. 048 0. 060 0.076 0.101 0.141 0.212
0. 037 0. 045 0, 057 06.073 0. 097 0.135 0.204
0, 035 0. 043 0. 053 0. 068 0. 091 0.128 0.194
0. 032 0. 039 0. 049 0. 064 0. 085 0.120 0.183
0.029 0. 036 0. 045 g. 058 0.078 C.111 0.170
0. 026 0. 032 0. 040 0. 052 0.071 0.101 0.156
0.022 0,028 0. 035 0. 046 0.062 0. 089 0. 140
0.018 0,023 0. 029 0. 039 0.053 0. 077 g.121
0.014 0.018 0,023 0. 031 0. 042 0. 062 0.100
0, 009 0,012 0. 016 0.0z22 0.031 0. 046 0.075
0. 003 0. 005 U.‘ 007 0.011 0.016 0. 026 0. 044
-0.006 -0.006 -0, 006 -0.006  -0.006 -0.006 -0,006
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Table 4. Values of K{(r,B8) for solar panels

K{r,9)

8, deg r=1.000 r=0.884 r=0.768 r=0.652 r=0.536 r=20,420 r=0.304

0 -0, 005 0. 002 0,010 0,022 0. 041 0.072 0.128

5 -0. 005 0. Q02 0.010 0.022 0. 041 0,071 0,128
10 -0, 005 0. 001 0.010 0.022 0. 040 0.071 0.127
15 -0.006 0. 001 0. 009 0.021 0. 039 0. 069 0.125
20 -0. 006 g, 000 0. 008 0.020 0. 038 0. 067 0,122
25 -0, 007 -0, 001 0. 007 0. 018 0. 036 0. 065 0.118
30 -0. 008 -0, 002 0, 006 0.017 0.034 0. 062 0.114
35 -0, 009 -0, 004 0. 004 0.015 0. 031 0. 058 0. 109
40 -0, 010 -0. 005 0. 002 0.012 0. 028 0. 054 0.103
45 -0.012 -0, 007 0. 000 0,010 0. 024 0. 049 0. 096
50 -0,014 -0.009 -0, 003 0. 006 0. 020 0. 044 0, 088
55 -0.015 -0.011 -0, 005 0.003 0.016 0, 037 0.078
60 -0. 017 -0.014  .0.008 -0, 001 0. 011 0,031 0. 068
65 -0.020 -0.016 -0,012 -0.005 0. 006 0.023 0. 057
70 -0. 022 -0.019 -0.015 -0.009 0. 000 0,015 0, 044
75 -0.025 -0.022 -0.019 -0.014  -0.007 0. 006 d.030
80 -0. 028 -0. 026 -0.024  -0.020 -0.015 -0.005 0.014
85 -0. 031 -0. 030  -0.029 -0.027 -0.023 -0.018 | -0, 006
20 -0. 037 -0. 037 -0.037 -0.037 -0. 037 -0.037 -0. 037
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Table 5. Approximate values of K(r,8) for the high-gain
antenna reflector

K(r,0)

6, deg r=1.000 r=0.884 r=0.768 r=0.652 r=0.536 r=0.420 r=0,304

0 0.046  0.056  0.069  0.088  0.116  0.160  0.236

5 0.046  0.056 0,069  0.088  0.116  0.160  0.236
10 0.046 0,055  0.069  0.087  0.115  0.159 0,234
15  0.045 0.054  0.068 0,086 0.113 0,157 0,231
20 0.044  0.053  0.066  0.084 0,111  0.154 0,228
25 0.043  0.052  0.064  0.082  0.108  0.150  0.223
30 0.041  0.050  0.062  0.079  0.105  0.146 0,217
35 0.039  0.048 0,060  0.076  0.101  0.141  0.211
40 0.037 0.045  0.057  0.073 0,096  0.135 0,202
45 0.035  0.043  0.053  0.068  0.091  0.128  0.193
50 0.032  0.039  0.049  0.064 0,085  0.120  0.182
55 0.029 0.036  0.045  0.058 0,078 0,111  0.170
60 0,026  0.032 0,040  0.052  0.071  0.101  0.156
65 0.022  ©0.028  0.035  0.046  0.062  0.089 0,139
70 0.018  0.023  0.029  0.039  0.053  0.077 0,121
75 0.014 0.018  0.023  ©0.031  0.042  0.062  0.100
80 0.009 ©0.012  0.016 0,022  0.031 0,046  0.07%
85 0.003  0.005  0.007  0.011  0.016  0.026  0.044
90 _0.006 -0.006 -0.006 -0.006 -0.006 -0,006 -0,006
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Table 6. Approximate values of K(r,8) for solar panels

K(r,8)

6, deg r=1.000 r=0.884 r=0,768 r=0,652 r=0.536 r=0,420 r=0.304

0 -0. 005 0. 002 0.010 0.022 0. 041 0.071 0.128

5 -0, 005 0. 002 0.010 0.022 0. 041 0. 071 0,127
10 -0. 005 0. 001 0.010 0.022 0. 040 a. 071 0.126
15 -0, 006 0. 001 0. 009 0.021 0.039 0. 069 0.124
20 -0. 006 0. 000 0,008 0.020 0. 038 0. 067 0,122
25 -0, 007 -0.001 0, 007 0,018 0. 036 0. 065 0.118
30 -0. 008 -0.002 0. 006 0.017 0.034 0,062 0.114
35 -0. 009 -0. 004 0. 004 0.015 0. 031 0. 058 0,108
40 -0. 010 -0, 005 0. 002 0.012 0. 028 0. 054 0.102
45 -0, 012 -0. 007 0. 000 0.010 0. 024 0. 049 0. 095
50 -0.014 -0.009 -0,003 0. 006 0, 020 0. 044 0. 087
55 ~0.015 -0.011 -0, 005 0. 003 0.016 0.037 0.078
60 -0, 017 -0.014 -0,008 -0,001 0,011 0. 031 0. 068
65 -0, 020 -0.016 -0.012 -0.005 0. 006 0. 023 0, 057
70 -0, 022 -0.019 -0.015 -0.009 0. 000 0,015 0. 044
75 -0.025 -0.022 -0.019 -0,014 -Q,007 0. 006 0. 030
80 -0.028 -0,026 -0.024 -0.020 -0,015 -0. 005 0.014
85 ~-0.031 -0.030 -0.029 -0.027 -0.023 -0.018 -0.006
90 -0. 037 -0.037  -0.037 -0.037 -0.037 -0.037 -0, 037
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Table 7. Approximate values of K(r,8) for the high-gain
antenna obtained by series expansion

K(r,)

8, deg r=1.000 r=0.884 r=0.768 r=0,652 r=0.536 r=0.420 r=0.304

0 0.046  0.056 0. 069 0. 087 0.114 0.155 0,215

5 0. 046 0,056 0. 069 0. 087 0.114 0.155 0.215
10 0. 046  0.055 0. 068 0. 086 0.113 0. 154 0.214
15 0.045  0.054 0, 067 0. 085 0,112 0,152 0.212
20 0.044  0.053 0. 066 0. 084 0.110 0.149 ~ 0,210
25 0, 043 0. 052 0. 064 0. 082 0.107 0. 146 0. 206
30 0. 041 0. 050 0,062 0. 079 0.104 0. 142 0. 202
35 0.039  0.048 0.059 0.076 0. 100 0. 138 0. 197
40 0,037 0,045 0. 056 0.072 0. 095 0,132 0. 191
45 0.035  0.043 0. 053 0. 068 0. 090 0.125 0.183
50 0.032  0.039 0, 049 0. 063 0. 084 0.118 0,174
55 0.029  0.036 0. 045 0. 058 0. 078 0. 109 0.163
60 0.026  0.032 0, 040 0, 052 0,070 0. 100 0. 151
65 0.022 0,028 0. 035 0. 046 0. 062 0. 089 0.136
70 0.018  0.023 0. 029 0. 039 0. 053 0.076 0.119
75 0.014 0,018 0.023 0,031 0. 042 0, 062 0., 099
80 0.009  0.012 0.016 0.022 0. 030 0., 045 0,074
85 0.003 0,005 0. 007 0,011 0,016 0. 026 0. 044
90 -0.006 -0.006 -0.006 -0.006 -0.006 -0.006 -0.006
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Table 8. Approximate values of K(r,8) for solar panels
obtained by series expansion

K{r,0)

6, deg r=1.000 r=0.884 r=0.768 r=0.652 r=0.536 r=0.420 r=0.304

0 -0, 005 0. 002 0.010 0,022 0, 041 0.071 0.124
5 -0. 005 0.002 0.010 0,022 0. 041 0. 070 0,123
10 -0. 005 0. 001 0.010 0.022 0. 040 0.070 0,122
15 -0. 006 0. 001 0. 009 0. 021 0. 039 0. 068 0,120
20 -0. 006 0. 000 0.008 0.020 0, 037 0. 066 0,118
25 -0. 007 -0,001 0. 007 0,018 0. 036 0. 064 0.115
30 -0.008 -0.002 0. 006 0,017 0. 033 0.061 0.111
35 -0.009 -0, 004 0. 004 0,015 0. 031 0. 057 0.106
40 -0.010 -0.005 0. 002 0.012 0.028 0. 053 0.100
45 -0, 012 -0, 607 0. 000 0. 009 0. 024 0. 049 0.093
50 -0,014 -0,009 -0,003 0. 006 0.020 0,043 0, 086
55 -0.015 -0.011 -0, 005 0. 003 0.016 0. 037 0.077
60 -0.017 -0.014 -0.008 -0.001 0. 011 0,030 0. 067
65 -0.020 -0.016 -0,012 ~-0. 005 0. 006 0.023 0. 056
70 -0.022 -0.019 -0.015 -0.009 0. 000 0,015 0. 044
75 -0.025 -0.022 -0.019 -0.014 -0.007 0. 006 0.030
80 -0, 028 -0.026 -0,024 -0.020 -0, 015 -0, 005 0.014
85 -0, 031 -0.030 -0. 029 -0. 027 -0.023 -0.018 | -0. 006
90 -0. 037 -0. 037 -0. 037 -0, 037 -0, 037 -0.037 -0. 037
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Table 9. Scaled values of D(6)
for chromium (@ = 34°)

0, deg D(9)
35 1, 0000
40 1.0158
45 1. 0632
50 1., 0947
55 1.1368
60 1.2368
65 1,3474
70 1. 5526
75 1. 8579
80 2.4368

Table 10, Scaled values of D(8)
for wood (o= 64°)

8, deg . D{#6)
64 1. 0000
65 0.9844
70 0. 9469
75 0. 9000
80 0. 7781
85 0. 5000
90 0. 0000
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Table 11. Survey of irradiated surfaces on Mariner Venus/Mercury spacecraft
(all lengths in centimeters)
Coeordinates of endpoints in cm and/or description nf:cf:‘i‘;el
8
Paint 1 Point 2 Point 3 oint 4 (Tabte 12) Angle of
Elernent of Areza, Sun Anti- incidence,
spacecraft x ¥ = x ¥ z b ¥ z b4 v z m gide lsolar side Notes deg
+x Solar panel | 382.5] .53,3! 0 382.5 | 533 © 09,2 53,3 0 109, 2 -53.3| D 29156 | @ @ Thickness )
-x Solar panel | -382.5) -53.3| ¢ |-382.5| 53.3] o |-1es.2| 33| o |-te9.2 § -53.3| o 2.915 | @ ) 1.3 em 0
5/C sunshade Eight trapezoids
Shade 1 92,7 40,41 6.7 92.7 | -3B.1; 76,7 23.1 -9.7 j 96.5 23.1 9.7 | 96.5 [ ©.3535 15, 89
Shade 2 40, 4 96,5} 76.7 96, 5 40,4 | 6.7 23.1 9.7 96,5 9.7 23,1 | 96.5 | 0.3761 15, 06
Shade 3 -40.4 96.5) 76,7 40, 4 96.5 | 6.7 9.7 23.1 | 96,5 -9, 7 23,1 96,5 | 0,380] 15. 10
Shade 4 -96.5 40.4 ¢ 76.7 -40, 4 96,51 V6,7 -9,7 23,1 1496.5 -23.1 9.7 96.5 0. 3761 ® Adiabatic 15. 06
Shade 5 -92.7 | -38.1( 76,7 | -92.7 40,4 6.7 | -23.1 9.7 196,55 -23,1 -9.7 | 96.5 | ©.3538 15,89
Shade 6 38.1 -88.9 76.7 | -88.9 7 -38.1} 76. 7 | -23.1 =9.7 196, 5 -9.7 -23.1 | 96.5 [ 0.3141 16, 56
Shade 7 38.1( -38.90 76,7 | -38.1 ) -88,%) 76,7 -9,7] -23.1 196,58 9.7 -23.1 | 96.5| 0.3278 16. 76
Shade 8 88.9 1 -38.1; 76.7 38,1 ] -88.9| 76,7 QT -23.1 | 96.5 231 -9.7 ] 96.5 | 0.3161 16.56
Magnetometer Cylinder of radius 3. 2 cm poinis defining the center line are:
boom @
-25.4 [-120.7| 31.8 | -25.4|-721.9 ] 31.8
Magnetometer Three rectangles o
Shade 1 -35.191 -441,5] 34.0 -16.0 {-441,5] 34.0 ~16.0 | -473.2 | 34,0 -35.1 -473.21 34,0 0, D608
Shade 2 -36,3) -663.7) 34.0 | 14,7 [-663,7) 340 | -14.7 [-704.3 [ 34.0] -36.3 | -704.3 ) 34.0| 0. 0877 | (D Adiabatic
Shade 3 -41.4 ] -4¢1.1 | 34.0 14,7 [-401.1[ 34. 0 -14.7 | -441,7 | 34, 0| -41.4 -441,7 | 34.0 | G. 1084
IRR sunshades Two rectangles
Shade 1 ~4b.2 | -73.7)73.4 | -61.0) «85.6] 73.4 | 48.3 [-102.1 |73.4| -33.5 | -89.9(7i4]| 0.0408| @ Adiabatic 0
Shade 2 -61.0 -85.6) 73.4 -69. 1 -91.9] 63.8 -56.1 |-108.2 [ 63.8 -48. 3 ~102.1 | 73.4 | 0.029% 43,10
PSE insfrurment Three rectangles, rotating
Surface 1 -65.3[ -111.8 | 61.0 [ -82.0 |-140.5] 61.0 | -63,5 [-150.9 y6l. 0 -47.¢ | -122.4 | 61,0 | 0.0705
Surface 2 -47.0| -122%. 4] 61.0 | -63.5 L-150.9} 6l. 0 -63.5|-150.9 ] 35.8 -47. 0 ~122,4 | 35,8 | 0.0830 © Adiabatic
Surface 3 -82.0{ -140.5} 61.0 -65.3 1-111.8) 61.0 -65.3 |-111.8 [ 35.8 -gz. ¢ -140.5] 35. 8 0. 0530
Retation axis Two points defining the axis: ~56.6 |-117.3 | 53.3 -72.9 ~145. 5] 53,3 0
UVS sunshade Cne rectangle
6.6 -110.5 | 40,4 14.5 1-110,5| 40. 4 34,5 [-130.0 {40.4 6.6 -13c. 0 40.4 0. 0544 @ Adiabatic Q
TVCA heat Crpe annulus perpendicular to and centered oa z-axia, at z = 96.5 cm, inner radius = 7.6 cm, . .
shield outer vadivg = 45,7 cm 0.1595 | @ Adiabatic 0
Snlgi:;;ggm Paraboloid of revolution, aperture radius = 68.6 cm, depth = 21.6& cm Curved| @ @ }:h;c:;e“ Variable




Table 12. Optical properties of reflecting materials

Unexposed After exposure
Material ) :
Number Material Y B € Y B c

1 Silvered Teflon 0.93 1.0 0. 80 0. 85 1.0 0. 80
127 pm thick +0, 02 +0, 03 £0, 03 +0, 03

2 DC92-007 0.79 0.51 0,85 0. 50 0.50 0.85
white paint 0, 02 +0.03 0, 05 +0. 03
(TiOZ) :

3 7Z-93 paint 0, 84 0 0. 90 0,74 0 0. 90
(ZnO/KZSiO3) +0, 02 +0.03 +0.03 +0, 03

4 Alzak anodized 0. 86 1.0 0.74 0,72 1.0 0,78
aluminum +0, 0z +0.03 +0,03 0, 03

5 Aluminized 0. 89 1.0 0. 03 0, 85 1.0 0. 03
Teflon =0, 02 +0, 03 0. 04 +0, 03
25,4 pm thick

6 Beta cloth 0.79 0.13 0.842 0,48 0.21 0,842
Teflon +0. 02 +0. 03 +0, 31 +0, 03

7 Cat-a-lac 0.10 0 0, 89 0,10 0 0. 89
black paint +0, 02 +0, 03 +0, 03 +0. 03

8 Solar cells 0. 22 0.75 0.79 0. 22 0.75 0.79

+0. 02 +0, 03 =+0.02 +0. 03
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Table 13. Components of the solar radiation force on the high-gain antenna
Solar radiation force, 106 meters
Component

Y= 07 1= 10° | = 20| ¢= 30" =40 = 50"|p=60°\w=70°|¢y=80°|y= 90°
IX 0 0 0 0 0 0 0 0 0 0
JX 0 0 0 0 0 0 D 0 0 0
KX 0 0 Q 0 0 0 D 0 0 0
IY 0 -1.1559(-2.16391-2.9177{-3.3221}-3,3291|-2.93991-2.2917|-1.5773|-0. 9201
.Ty 0 -0.00531-0.01011-0,0139}-0,0163)-0.0169|-0,0157|-0.0125|-0. 0084 |-0, 0046
Ky 0 0.0005| 0.0007; 0.0009| ©0.0010| 0.0009] 0,0007| 0.0005| 0.0003| 0.0001
IZ 7.4422 | 4.6954( 6,4473| 5.5162| 4.3683) 3,1368; 1,9646| 1.0273| 0.4080| 0.0777
JZ 0.1883% 0.1837! 0.1703| 0.1494| 0.1233| 0.0946| 0.0666| 0.0426| 0.0240] 0.0112
KZ -0.0096(-0,0093}1-0.0084|-0.0071}-0.0055{-0,0039|-0,0026]-0.0015]|-0.0007|-0. 0003




Tahle 14, Values of the component FYA

106 newtons

869-¢¢ WNPUBIOWDIN Tedtuysel, "Il

£6

FYA,

¢, deg IJ%JAU OJ%;AU Dﬂ%;AU OJE;AU 0.£;AU OAEJAU 0J&JAU
0 0 0 0 0 0 0 0
10 -1. 156 -1. 480 -1. 963 ~2.728 -4..045 -6..607 -12. 654
20 -2.173, -2.783 -3.692 -5.130 -7. 606 -12. 425 -23, 804
30 -2.931 -3.753 -4.978 -6.918 -10. 259 ~16. 761 -32.124
40 -3.337 4,274 -5.670 -7. 879 -11, 686 -19. 098 -36. 626
50 -3.345 -4, 285 -5. 684 -7.899 -11, 718 -19. 156 -36.769
60 2. 955 -3.785 -5, 021 -6.980 -10. 356 -16. 937 -32, 544
70 -2.304 ~2.951 -3.915 -5, 443 -8. 077 ~13.214 -25, 413
80 -1.586 -2.031 ~2. 694 -3, 746 -5.559 -9. 096 -17. 504
90 -0. 925 . 184 -1.571 ~2.184 -3.241 -5.303 -10. 206
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Table 15. Values of the component Fz

A

F

106 newtons

z A’
Y, deg 1. O%O:AU 0. 8%4:AU 0. gé; AU 0. EEE AU 0. ESZ AU 0. E1220 AU 0. 20-_:4 AU

0 7,442 9. 567 12.753 17. 846 26.736 44. 365 87. 062
10 7.228 9. 291 12. 386 17,334 25.970 43,101 84. 608
20 6. 609 8. 497 11, 328 15. 856 23.762 39. 454 77.525
30 5.659 7.276 9.702 13, 584 20. 366 33, 842 66. 611
40 4. 486 5.770 7.696 10. 780 16.174 26. 909 53.101
50 3,228 4.152 5. 542 7.768 11.668 19. 450 38. 528
60 2,029 2.612 3. 489 4, 897 7.371 12,328 24,571
70 1. 068 1.377 1. 843 2.594 3.920 6. 597 13.294
80 0.431 0. 558 0. 750 1. 061 1. 617 2.758 5.685
90 0. 089 0.116 0.159 0.231 0. 364 0. 653 1,457




Table 16, Values of the magnitude of the force FA

Magnitude of force F,, 10'6 newtons

869-~¢¢ WINPURIOWSIN TEOTUYD2TL Td [

y, deg ]J&;AU (L&;AU &%EAU !l&;AU (L%EAU ll&gAU &QJAU
0 7. 442 9. 567 12,753 17. 846 26. 736 44,365 87. 062
10 7.320 9. 409 | 12. 541 17. 547 26. 283 43, 604 85. 549
20 6. 957 8. 941 11.915 16. 665 24, 950 41. 364 81, 097
30 6.372 8l18? 10. 905 15,244 22.804 37. 765 73.953
40 5.591 7.180 9. 959 13. 326 19. 954 32.997 64. 507
50 4, 648 5.967 7. 938 11.079 16.536‘ 27.300 53.258
60 3,584 4.599 6,114 8. 526 12.711 20. 949 40.778
70 2. 539 3,257 4,327 6.029 8. 977 14, 769 28, 681
80 1. 643 2.106 5.79? 3.893 5,789 9.505 18. 404
90 0.929 1.190 1. 579 2,196 3. 261 5.343 10, 309

56
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Table 17,

Values of the acceleration a

A

Acceleration aps 1011 krn/s2

s, deg 1. OFE)O:AU 0. 8_%4: AU 0. 7%8:AU 0. 6p52:AU a. 5[336:AU 0. 4pZO=AU 0. 3?0; AU

0 1,493 1.919 2.558 3. 580 5.363 8. 899 17. 464
10 1,468 1. 887 2. 516 3.520 5.272 8, 747 17. 160
20 1.3%6 1.794 2.390 3.343 5.005 8. 297 16,267
30 1.278 1,642 2.187 3.058 4. 574 7.575 14, 834
40 1.122 1.440 1.917 2.678 4. 003 6.619 12.939
50 0.932 1. 197 1.592 2.222 3.317 5.476 10. 683
60 0.719 0.922 1.227 1.710 2. 550 4,202 8. 180
70 0. 509 0. 653 0. 868 1.209 1. 801 2. 963 5.753
80 0.330 0.423 0.561 0.781 1.161 1.907 3.692
a0 0.186 0.239 0.317 0. 441 0. 654 1.072 2. 068




Table 18.

Components of the solar pressure force on the high-gain
antenna reflector of the Mariner Venus/Mercury spacecraft
along the axes of the antenna-fixed reference system

o A, F_ ar Fya, FzA, [Fal,

Time,
days deg 103! km/s2 108 N 106 N 106 N 106 N
U0 90.00 1872 L0000 -e9312 0631 «9333
llUU 90000 01373 0000 "‘9319 |0631 -93“0
2.0 Q0.00 « 1875 «0000 -«9327 «0632 L9348
3-UU 90-00 -187? -DUOU '09336 -0533 09358
HaUg 9G.40 »1879 +0000 -, 9347 « 0633 « 9369
Sa00 B9.46 «1949 «0000 -+ 3688 0747 <9717
7.UU 87-91 02157 .UOUU "1001:)94 0111'4' 100752
B4U0 8713 2207 0000 =-1.1222 « 1323 1,1300
9,00 BH+33 « 23581 « 0000 =1.1766 «1551 1.1868
IU-UU#/w»85-bS + 2499 «0000 -1.2328 1799 1,2458
11.u07 Ba.72 2622 «000V =1.2906 £ 2067 1.3070
12.00 £3.91 $ 2749 0000 =1.3501 + 2358 1.3705
1}1UU_ B3.08 2881 «0000 -1l.4114% 2672 1 4360
1440 82.25 + 3018 « 3000 =1 4744 + 3011 1,5p48
15.U0 Hl+41 + 3161 0000 -1 +5392 + 3376 1.5757
164U0 Bl 56 +3308 «QD00 -1..6058 « 3TEB 1.6494
18. 04 7B.83 W36zl + 03000 -1.7445 doul 1.8052
19.00 T7+96 - 3786 «0000 -1.8166 5131 1.,8877
20,00 7707 T #3958 « 0000 -1.8907 « 58653 1,9734
21400 7617 4137 «0000 =1+96656 5213 2.0624
22.00 " T5.25 4323 «0000 =2+ 0445 «68612 2.1550
23+00 TGedd 4516 <0000 -2.1242 THEY 2.2512
25. 00 T2e44 4925 <0000 -2.26894 .BB74 2,4554
2H. U0 Tileht8 5102 0000 -2.3748 <9658 2.5637
28.UU 6951 «5603 0000 -2+5508 1.,1389 2.7935
249. U 6£8.50 « 5848 G000 -2+6413 1.2342 2.9154
S3levis 67 48 15102 «Q000 -2+7333 1,3359 J.0423
31le.UQ bE s 4Y 6307 « 0000 ~2.8267 1o444] 31742
32400 65+ 38 6642 + 0000 -249213 1.5593 343110
Ja.Uu bH 31 _«BY28 L0000 ~3.0169 1.6818 J.4540
34400 6322 . 7226 «0000 -3+1133 1,8122 3.,6023
35,00 62411 « 7534 «00au -3.2101 1.9503 3.7561
J6. Uy 60«99 « 7HHY «0000 ~%.3068 2.0967 3.9155
3700 59.64 sBL1BED «0000 -5.4031 2.2516 4,0805
38.UD HB.08 8527 <0000 -3.4984 24150 4,2510
39 edl 5750 «RBTY 0000 =-3.5917 25870 H.u264
Qo.0u S6Ge 30 «9238 L0000 -3.6816 2.7671 4.605%6
41,00 55.09 » 30050 0000 ~3.7677 2.9552 4,7RAY
heeldu 53.45 « 997G 0000 =-3.8494 3.1513 4,9748
43,00 52610 1.0360 <0000 -3.9262 343555 5.1647
GU o di 51632 1.0748 «0000 ~-3.9976 3.5677 5.35%81

//
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Table 18 (contd)

Ti b aA Fxas Fya, Tz lFal,
ime,

days deg 1011 km/s2 106 N 108 N 10% n 100
45%5.uu S50.03 lelli2 +0000 -4 40630 23,7879 5.5548
46 .Uy Le.72 1.1543% « 0000 -4.,1219 4.0159 S 7548
47400 47«40 1.1951 «0000 -4,1737 4.2515 5,957R
48.0u 46406 l.2363 «0000 -4,2178 4.4942 6.1635
49,0y by 70 l.2782 0000 ~4+2538 b,74y3 6,.,3720
50,00 43532 1.320% «0000 =4.2811 5.00909 &.5831
51.40 41.9% 13533 0000 =44 2992 5,2037 6.7963
52.“(_} 40-5"* 10“‘064 QUDOO -403075 5-5522 7.011“
B53.00 39,13 1.4499 « 000U =4.3058 5.80%6 7.2281
B4 4 UL 37.71 1.4936 <0000 ~4.,2936 6,0834 74460
55«00 3629 1.5374 L0000 -4.2707 b.3646 766446
H6.00 34 .80 1.5814 «OD00 -4 .2368 6.6488 7.8840
STeUU 33.423 l.625%4 0000 -4.1921 6.3344 B.1030
S8.U0 3200 1.6693 +~000u ~-4+1364 T.2211 R.,3219
59.00 30.58 1.7130 «J00u “4.0703 7.5073 8.5397
606UL 29417 1.7%564 +00NU =3+.3940 7.7521 R. 7561
Bleslu 27.78 1.7994 0000 =3.9082 8.0745 8,97N6
62Uy 2bel l.8419 «0000 =3.B140 8,353z 9.1827
6-5QUU 2'3-07 118839 IUGOU -507125 8.6270 9.3QI9
BY el 2377 1.9251 <0000 =3.6054 8.8945 9.5975
65 UL 22052 1.9656 «00N0 =3.4946 9.1549 9,7992
66Ul 2125 2.0052 «000G =5e3827 9.4066 3.9964
67+L0 2021 20437 «0000 -3.2726 9.6486 10,1885
6H8.UG 1919 2.0811 <0000 ~3.1678 9.8795 10,3756
69, U0 18.27 2.1173 «000U =3.0723 10.038Y 10.5554
TOeUl 17.48 £+1522 +D0ONU =-2.9904 10.3042 10,7293
TlsUgy lc.+84 21357 0000 -2+9268 10.4958 10.8962
72.U0 1l 36 2.2176 « 0000 -2+8862 10.6722 11.0556
Td 400G 15.95% 2e2767 <0000 =+ 8B90 10,9765 11,3503
Thebls 1603 2.3037 «U000 =-2:9375 11,1027 11.4847
Taely 16430 2+3268 «G000 =-3.0184 11.2109 11.6101
TTeuy loe75 2.3521 «00040 =3.1306 11,3004 11,7260
78a0u 1757 23734 «0000 =3.2716 11.3799 11.8322
73s0u 16413 2.3927 +0000 =3.4384 11,4220 11,9283
AleU0 19.02 24099 +G000 ~5+.6271 11,4533 12.0139
81.00 cUeUl 24249 «0000 =3+.5341 11,4048 12.08AR9
RzalUy 110 24377 «000g0 -4+ 0554 11.4564 12,1530
BisUu 2226 2eUd483 « 0000 42678 11.4279 12,2058
B4. U0 .88 245606 L0000 ~4«BH279 11,3794 12.2471
B5. 00 ZHe 75D 20626 +O00O0 -4 7727 i1l1.3109 12.2767
86,40 26407 224661 »0000 =5.,0196 11,2228 12,2942
87.0u ETelb2 2eli671 +0000 ~5.2661 11,1151 12.2995
BY9suy S0+20 617 000 =5.«7491 10.8422 12.2722
.00 3165 24550 ~00Nn0 =-5.9817 10.6778 I2.2391
Glauy 33.06 224457 <0000 =~6.2058 10,4954 12,1929
YZsUu 34451 4337 gy =6+ 4200 10,2953 12.1330
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Table 18 (contd)

. Y ap, Fxa» Fyas Faar IFAI :
Time,
days deg 1011 xm/s2 106 N 108 N 106 N 106 N
92.Uu 3235 2.4832 <0000 -5e1765 10.7286 12,3796
9l.u0 3325 2.4882 « 0000 -6+ 3442 10.6595 12,40U5
94.00 qulﬁ 20“926 -UOOU -6|5130 1005832 12.“267
95. U0 35.10 2.4960 0000 ~6H.6828 10.4993 12,4456
96 VU 3505 2+4995 .0000 =~56.8528 10,4076 12,4611
97elu 37.02 2.5019 «0000 -7.0226 10.3077 12.4726
9B UU 3b+01 25033 «0000 -7.1915% 10.19g4 12.4798
99.0u 39.02 2+5038 «0000 -7+3591 10.0822 12,4823
100.00 40.904 2.5032 0000 ~T.5246 9,9556 12.4793
101.0u 4l1.08 2¢5015 000U =-7.6872 9.A195 12.4706
102.00 4zelD 2« 4984 0000 ~7.8463 9.6732 12,4553
103.00 bi«.22 24939 + 0000 =8.0010 9.51l62 12,4328
104.UU Y432 24878 +0000 -8.1504H 99,3482 12,4023
10540y 45 bk z.4798 «00nNo ~8.2934 9,1685 12,3629
106400 46458 2.4700 «0000 ~8,4289 8.9767 12,3137
10700 U773 2453860 «+0000 =8.5557 B,7723 12.2537
1L18.00 4o.91 2435 20000 -Heb6T2U B8.5548 12.1918
1090UU bUcll 2-“265 OOUUO “Bl7775 803239 12-0968
110490y 51433 2.4009 «00N0 -B+8693 84,0789 11,9972
11l.Uu 52.08 2..3834 «0000 -8.94062 7.8197 11.8820
112.Un 53 .04 243564 «0000 -3.0059 T.5457 11,7493
114,00 Hoe45 £.2917 « 0000 -3.,0656 6.9532 11,4251
115.U0 57«80 2.2526 0000 -3.0607 66347 11.23n01
116.Uu H9.17 2.208% 000U -3.,0303 B.3024% 11,0121
117.U4 6057 2.1611 U000 —8.9754 5.9591 10,7736
118.04 o200 2.1093 0000 ~8+8959 5.6069 10,5155
119.,UU 63«46 2+0336 0000 “R.,7911 S5.2474 10.2381
1206ui 64«90 1.9942 ~000u =3.H603 4,822 9.9417
121.U4 66047 109509 L0000 -SOSOEB Q'5133 90626u
122404 68.02 1.8639 0000 ~8. 3180 b,1422 93,2923
123.40 6961 1.7932 <0000 =-8.1052 3,7710 R,3395
12400 TlelH l.7168 0000 =7+8B6G43 J.4021 f.5686
125|UU ?2-59 106408 00000 -705951 3'0377 8.1800
126.0u TY.58 1.5595 «0000G -7.2979 2.68p4 T.7746
12700 To.31 1.475u <4000 ~(49735 2.3329 7.353u4
129.U0 7967 1.2978 «0000 ~Ge24B82 1.6787 6.U4p97
130.00L £1.71 1.205%7 «000G ~5+8510 1.3777 6.0111
121,00 B3.027 1.1121 +0000 =~5.4346 1.0978 5,.5u44
132.40 B5.48 1.0175 «0000 -5.0024% 8417 5.0727
1334406 B7.41 9226 «0000 ~4.5585 «61l16 b4 ,5994
1iheuu BEO.37 8250 «U000Q - a1077 L« 405 h,1281
l'éb.-JU G0.00Q JRLB0 L0000 -4 40620 + 3626 4.0781
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Table 19. Solar torque on the high-gain antenna of the
Mariner Venus/Mercury spacecraft

Time, Torque, Time, Torque, Time, Torque,
days 106 N - m days 106 N« m days 106 N . m
+ 00 L1467 45,00 . 9358 90+Q0 1.3746
1.00 1468 45400 « 94 BY 9100 C1.4273
2.00 L1470 47,00 « 9594 92,00 1.4780
3.00 L1471 48.00 . 9687 Y2400 1.4204
4,00 + 1473 49,00 + 9761 Y3.00 1.4599
5.00 L1553 5000 .9816 94,00 1.4997
6400 .1672 91400 « 9B5D 95,00 1.5399 =
7.00 +1796 52400 + 9863 BH 4 Ul 1.5803
8,00 £1926 53.00 « 9853 97.00 1,6208
9,00 . 2061 S4e00 . 9819 98,08 1.6612
10.00 2203 55400 .9761 G9.00 1.7014
11,00 2351 26400 + 9679 190s00 1.7413
12400 +2505 574060 + 9572 1ul.ob 1.7804
13.00 2664 58400 » G4il 1u2.040 1.8196
1%.00 .2830 59,00 . 9287 193.00 1.8576
15.00 !3002 LO.00 +110 lub GO 1-3945
16.00 »3181 61.00 +8911 1u%.00 1.9302
17.00 +3365 62400 .A694 1u6.4U0 1.9644
18.00 «3555 63.00 + 8461 1U7.00 1.9968
19.40 +3752 6400 R216 108200 2.0272
20.00 « 3954 65400 a 7962 1u9.00 2.0551
21,00 +4163 66400 + 7706 110400 2.NR02
22.00 377 5700 + 7455 11l.00 2.1022
23.00 +4596 68.00 +7216 112,00 2.1205
24400 $4B21 69.00 +6999 113400 201347
2500 -5050 TUO0 0812 1i4.00 2.1402
26400 + 5204 71.00 » 5668 11500 2+1484
27400 .5522 72.00 +6H576 11600 2,165
28409 <5763 73,00 «BS46 11700 2.1368
29,00 +6006 74.00 « 6585 118400 241187
30400 6251 75,00 6697 119.00 2.0915
31400 <6497 164u0 <6883 120,00 22,0547
32.00 6TL2 77,0 7181 121.00 2.0082
33.00 +6986 7H.00 « 7465 122.00 1.9517
34.00 7227 79,00 » 7849 125.00 1.,8854
35400 « THEY 8000 +5283 124400 1.8094
36,00 2 7694 Gla00 + 8760 125.00 1.7242
370U +7917 52.00 + 9270 126.00 1.5302
A8 0D 5131 B3.0G0 +3806 127400 1.5282
39.00 «B336 Bu. 00 1.0361 1284060 1.,4193
404060 +A532 85.00 1.0928 129,00 1.3046
41.00 8719 86+ 00 1.,1500 1350.00 1.1855
42400 +BRO7 aTeUL 12073 131.00 1.0635
43.00 v30563 8. 00 l1.72642 132.00 + 9405
44400 9218 59.00 1.3201
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Table 20. Components of the solar pressure force in the
spacecraft-fixed reference frame

Time, Fax Fay Faz [Fal .
days P AU ¥, deg 106 N 106 N 106 N 109 N
«00 4991198 90.000 +000000 » 063079 ~+331169 2333303
100 990837 90,000 « 000000 «063131 ~.931850 «933987
2.00 L99D404 90,000 +000000 «NE3193 -+932669 + 934807
3.00 989839 90,000 « 0000080 + 063266 ~+933624 « 935765
L.00 .98952< 20.000 000000 « 063350 -+934716 +936861
5.00 .988B674 89.463 «+000000 065630 - 269448 2971667
6«00 987954 88.692 000000 »0RB93D -1.020083 1.022u410
700 387162 87.913 000600 2072354 =1.072728 1.07516%
Bel 286299 87.127 «000000 + 075885 ~1.12780}% 1.129952
9,00 985360 86.333 + 000000 «NT79531 ~1.184150 1.186817
10+.060 +984359 H5.532 - 000000 «N83291 ~1.243037 1.245824
11.0U0 .9283281 B4.723 «000000N -N87T169 ~1.304128 1.367038
12400 4982133 B3,907 «+000000 «N91166 ~1.367510 1.37054¢
13.00 4980913 83%.083 «00900D0 «N95285 -1.433270 1.436434
1400 »¥97%023 82.251 «000000 099529 ~1.501501 1.5087%6
15.00 +978262 81,411 «000000 0103901 -1.572314 1.575744
16+00 4976830 80.561 «000000 » 108404 ~1+645R17 1.649384
1700 975327 79.702 «006000 113042 =1.722130 1.725837
19.00 .972111 TT.955 «000000 122734 -1.883705 1.887639
20,00 »970398 TT.066 000000 +127795 -1.969239 1.973381
21+00  +9685615 16,165 «+00G00N «133003 -2+058131 2.062424
D2.G0  «966762 75.253 0060000 v 138363 =2+150536 2+.154933
23,00 9645840 T4 4328 + 000006 « 143875 ~2.246613 24251215
25.00 .960788 T2.44] »000000 «155372 =2, 450459 2+455380
26+00 4358658 T1.477 +000000 +161359 =2.558572 2.563655
27460 JY9SE4K60 Ty.499 «+ 0000400 «16750/ =2+671053 2+676301
26400 954194 63,507 000000 «173817 -2.788082 2793435
29,00 951860 68.499 +000000 +180288 =2+903843 2915423
3U«U0  + 949458 67.476 «00uCO0 186917 ~3.036521 3.042269
~31le00 946989 DEL43T +00u000 «193703 ~3.168289 3174204
32.00  L94UL53 65,3481 +00g000 2200639 ~3.30%316 3.311400
33.00° .941850 o4, S09 000000 « 207719 =3 487750 3.454002
34.00 939181 63.210 « 000600 214941 ~3+595909 3602327
25«00 «F3644D BZ.111 «000000 222272 -3.7T43501 3.756083
SbeUU 932645  6U.986 +000000 + 229704 =3.908764 3.915508
3700 4330779 59, Bu44 «000000 2237210 —4«073647 4.080548
38.00 927349 98682 «08U000 « 244754 =~ 2432061 44251013
39400 4924855 97.50¢ «000000 252267 ~4 413173 44420367
Lpsub +921790 50,504 «000000 « 259658 —4+598249 4605574
Gle0U 4918675 5%.087 «+ 000000 «266R73 ~4+7ENI56 4.,78583%399
43.00 2912245 5245%0 « 000000 +2B80616 -5.157108 5.164737
Gy.00 »90BI3E 51.323 000000 «2B7059 -5.350417 5.358112
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Table 20 (contd)

Time, Fax FAy, Faz |Fal-

days p, AU, deg 106 N 106 N 100 N 106 N

U5.00 49055730 50.032 « 000000 + 293156 ~-5.547084 5,55482%
46.00 902141 48,723 «000000 » 298858 “5.746992 5.754757
47.00 398654 47.397 «0G0000 « 304115 =5H.949985 5.957752
46.00 895108 46,055 «0Q0000 »30BB74 6155715 6.16345%
4%. 00 «B391503 Y4 ,697 000000 + 313090 =6 364351 6.372048
56«00 887341 434323 «000000 + 316708 ~6.575u62 6.583085%
51 .00 «H84123 41.936 «000000 v 319677 -6« 7TRB8TTH 6.796300
5200 880350 40.537 000000 » 321948 =7+ 004007 7.011403
53.00 876522 39,128 «000000 « 323476 =7.220830 T228071
S4.00 872640 37.710 «000000 324218 -7.438487 T 445959
55.00 +BeET06 36.286 «000000 328142 =7+65778% 7664642
SH.00 864721 34 . 856 « 000000 «323210 =~7877327 7 «B83955
5700  «BH068% 33.428 «00o0o0u «321416 =8.096666 B«1030D43
56.00 856999 32,000 «000000 + 318737 -8.315791 8.321897
59.00 852466 30.581 000000 + 315189 ~5+533874 8.539593
6000 848286 29.172 «+ 000000 310790 =3.750579 8,756086
61le00 oB4LOAL 27780 «00000D «305577 —8.965397 8.970603
6200 + 839791 f6H.411 «000000 + 299613 -3,177807 9.182697
63400 8335484 25,071 « Q00000 292987 =-Q.387281 9,391852
64,00 831127 23.772 « 0006000 285824 =3.5%932N00 9.597457
65.00 LH26735 22.520 «GO0QOD «278260 -g9,795238 9.799190
6600 822504 21.+330 + 300000 « 270502 =4,992704 9,996364
67«00 « 3178346 efl.214 «00UO0D « 262785 =i(.185078 10.188467
bE-00  «Bl3338 19.189 «000000 255393 =10.371847 10.374991
£E9.00 L80840% 18.271 «0Qocoa s 248653 -1(.552515 10.555444
7000 204242 17.481 «00p060 + 202932 =1D.726590 10.729340
7100 799051 16,836 «00QC00 « 238622 =10.893p02 10.896216
72400 795034 16.357 0000049 «236116 ~11.053096 11.05561¢
T3.00 « 790303 16.057 «O00000 2235768 =11:2048633 i1.207114
T« 20 « TB5730U i2.947 000000 023786q’ =11.347796 11.350288
75.00 781049 16.030 «000H00 «2U25873 =11.4R2168 11.084730
Ta+ U0 « 776352 16.303 «000006 «248952 =11.607410 11.610101
T7+00 771040 16,755 «000000 «259920 =~11.723153 11.726034
78400 766917 17.370 «000006 £ 272296 ~11.829160 11.832194
7900 762187 18131 «000G00 «2B6829 ~11.924A13 11.92R262
BOs0DD  + 757451 19,018 «00uDoL «303212 ~12.010110 12.013936
BlsU0 752713 20,013 «3006000 «321133 =12.084a57 12.088923
B2+00 747975 210984 «000000 « 340264 =12.14p223 12.,152947
83.00 7432456 224258 « 000000 «360328 =12.200472 12.205791
G4« 0 W 730525 23.481 «00un0nN : 381032 =12.241172 12.247101
GS5abill # 733812 244755 + 000000 402127 =12.270066 12.276654
BHe 729110 26.071 + 000000 423365 ~12.286M703 12.294195
E7.U0 7254343 27422 « 0006000 444530 =12,291435 12.299470
88,00 719786 28,801 «G00000 »465420 ~1Z.2B3409 12.292223
B2.00 « 715161 S0.204 «00000D L0B5850 =12.262%A0 12.272201
QUeul0 S710968 31.625 « 000000 +305645 =12.228R9Y4 12.239144
Q91.00 e 706Ul 33.061 «+Q00pan B24637 ~12.181%91 12.182883
CZ.ul « 701495 S4.511 + 000000 «SU2689% =12.120868 12.133011
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Table 20 (contd}

Time, Fax, Fays F Az | Fal
days Py AU Y, deg 100 N 108 N 106 N 106 N
Q2.0 «T036RE 52.355 «000000 923933 =12.368468 12.379560
G3.00 699315 33.249 006000 « 538801 -12.392823 12.404530
94, (0 694 B39 34,103 « 000000 «553805 124414355 12.426701
5.0 690262 35,097 «000000 +568913 =12.432625 12.445635%
9H.00 +H68L5RT do. 049 000000 «SR40TS =12.447368 12.061064
97.00 «0BUELS 37.020 Q00000 «599241 =12.458199 12.4726023
GEL, U0 675949 38,009 000000 +B1U4361L  =12.46U696 12.479827
99, U0 +670992 39,.,01e «000000 «H29381 ~=12.466389 12.482266
100.00 665945 40.042 «000000 «HUY283  =12.,462704 12.479345
LgleuD «GBGALY 41.U84 «000000 «6BSBRATT ~12.453189 12.470607
10200 355001 42.145 000000 WATI216 =1z2.437127 12.455334
1035.00 «650509 43,225 «000000 «H687183 =12.413816 12.432821
o400 HLLOALE By,325 «000000 « 700692 =12.382%01 12.402310
105.00 +639503 G454 Q «000000 « 713652 ~12.342275 12.36289¢
106.00 +033999 46.977 «00OO00 « 725959 =12.292289 12.313708
167,00 028432 47.734 «000000 « 737503 =12.231514 12.253728
18«00 «H22808 44,912 «000u0an «748162 =12.158754 12.181750
19«00 017133 b0l.111 «000000 «TI57805 =12.073008 12.096767
LiG.00 51148411 bl.332 000000 + 766288 =11,972730 11.997227
PLli.00 +00565d H2.576 «000000 2 TT3462 =11.856770 11.881271
112.00 +59985%6 3. 844 000000 e 779158 ~11.,723396 11.749260
L13.00 9434 . HD5.136 000000 « 783207 =11.571061 11597537
L1400 «H88194 Y6 . 454 «0Q0Qo0 « 785427 ~=~11.398025 11.425%054
11i5.00 5825344 57.794 «400000 «TEDSRUE =11.202560 11.230075
116.00 « 576491 99,170 «000G0D0 2783767 =10.984163 11.01209D
11740 ST06H3 Qb «vH70 +000000 « 779492 =10.745321 10.773%86
118.00 «DHH45812 . bl.999 «000000 « 773992 =10.4R6951 10.51547Yy
119,00 « 559007 03,458 +00000Q0 2« TH5996 ~10.209419 10.238115
12400 + 553234 04948 000000 « 755817 -9,912909 9.9414/82
121.00 «Hy37518 bHLHTO «DU0000 « TU3I364Y -9 ,897675 9.626420
1z2+U0 541897 Le.slz2h 000000 « 728534 =G, 263663 9.292266
12300 «5H30268 B3.613 »000000 « 711245 -R,911197 8.339535
124%.00 « 530764 fle235 «0gooon 691427 -83+.540660 B.562602
125.00 .525359 fz.B92 «000000 + 669031 -53.152620 8,180025
126400 «520067 T4 584 «0G00000 ALUOHD «7.747876 7774598
12700 514902 Tea312 2000000 «H16476 =-7.327511 7+353398
12B«G0 +509488u 78.07% «600Q000 986414 -6.893031 6917931
129.00 5050159 19,873 + 000000 + 553961 -h.445982 6. 4639742
J3u.040 D00 324 81.706 «+000000 «51930% -5.988583% 6.011057
151+00 495823 HA.574% «000000 +482690 =-5.523357 S«544408
13200 JH9L527 85.475 «Q0000D0 L4335 -5.053232 5.072739
13300 SUHT4EY 87.409 «0Q0Q000 « 404923 «-4.581530 4 .,5993809
13400 fUHHIN1E E9., 474 «000000 s 364605 -4.111951 4.12R084
135.0U0 JHA0B3T Q0.000 »000000 « 356312 -4,005%99 4,021416
126060 HTET2H Q. U00 «000000 « 362598 -4 . 061997 L4+078149
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Table 21. Solar panel tilts

Date 0, deg
Jan, 17, 1974 +45, 0
Feb. 9, 1974 +58. 0
Mar. 1, 1974 +68. 0
Mar, 20, 1974 +71.0
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Table 22.

Components of the solar pressure force on the solar
panels of the Mariner Venus/Mercury spacecraft along the
axes of the spacecraft-fixed reference gystem

; X ag P, Fspx FSPyv FSPZ! IFSPL
Time, 8 tilt, 6 6

days deg 1011 km/s2  10° N 106 N 106 N 106 N
+U0 00 Beddly7 «0000 «u0o -32,12R9 x2.1289
LeUy « 30 6. 494 «00N0 «+ Q000 -32,1525 32,1525
2elil -UU bo“bSl ODDDU -0000 “32.1609 3?-1“09
3-UG G0 Ha. 618 0000 <0000 =32,2141 17.2141
holut} U0 6o 4HGL <0000 0000 -32.2521 32,2521
HSeUU «00 6+ 4780 «004g0 + 000 -32.,2948 32,2948
Bell «00 6.4B75 «0000 +0000 “E2.3424 37,3424
Tely «0f Bre 4PHU +0000 « 0000 -32.3948 32.304AR
BeU( WU 65035 «Q000 + 0000 =32,4521 22,0521
QeUl + U0 6.5220 0000 «J000 «32.5144 IZ.5144
1Gelils B0 B.5355 «0000 «J000 =32.531% 22.5815
ll.uUy Y 6.+5499 «0000 +0000 =32.6237 22.65%7
12.U4 »00 65654 «0000 « 0000 -32,7309 32.7309
13400 « 00 6.5819 0000 «0000 -32.8132 22,8132
1ld.Uy 00 6.+5995 <0000 «0000 =32.9J06 32.9006
15400 +00 L6150 «+ 0000 « 0000 =32.,9932 32.9932
16Uy U0 6.6377 «Q0006 «00qgQ =33,0910 33.0910
17.0u « 00 6.6283 0000 + 0000 =33,1941 33,1941
18Uy <00 behB0L «U000 « 0000 -33.3U25 33025
ylg-UU -UU 6.7029 tUUOU 00000 -33-&164 33.4164
200U PRvE! 6.T269 «0000 «0000 =3%.5357 33.53%7
2l Ui » 00 67519 «0000 «0000 -33.6606 A3.6606
22 V0 « 00 6.7781 « 0000 «0N00 -33,7911 33,7911
23s U0 Y 6. 8034 +0000 +0000 ~33,9273 33,9273
24, Ly 00 6.83397 000D s 0000 ~34,06933 24,0693
2hHelu Pavle; 6.8635% «0000 <0000 =34,2171 au,2171
2heliv U0 6.8944 +0000 <0000 -34,37)9 34,3709
27.U0 s U0 6.32065 +0050 « 0000 ~34.5508 24,5308
28Uy L0 ©.9598 +0000 «0000 =34.6967 a4 ,.6967
29.Vu «00 £a9943 -+ 0000 « 0000 -34,8689 a4 ,86R9
JUely «U0 T.0301 000U «0000 =35.0475 IT.0475
Aletlt U0 T.0672 U000 0000 =315,2325 35,2325
A2y « G0 T.1056 +0000 0000 =-35,4240 25,4240
A3.0u + 0 Teld4%4 0000 0000 -35.6222 25.6227
3400 «Ud 7T.1865 w000 «JQ0o0 «35.B273 A%,.8273
35.00 « B 7.2290 «030D0 »0000 =36.0391 36,0391
36wl + (0 T.2729 «0000 +0000 =36.2581 26,2581
386 <o 7.35651 0000 «0u00 -36.7175 36.7175
39aUu «L0 T4 134 «00n0 0000 =36.93084 26 .9584
Glasvu « Ul 751456 «0000 +G000 =37 ,40L29 I7. 4629
42.Uy « QU Te50676H «0600 0000 37,7269 37.7269
L3.ui e} T6221 «000U L0000 =-%7.3939 37.9989
Hhely i 7.6783 <0000 «NO00 -38.2791 38,2791
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Table 22 {contd)

agps Fspx. Fspy FgPz, |Fsp|s
Time g tilt,
days deg 1011 km/s? 106 N 106 N 106 N 106 N
45.Uu « 00 71302 «0000 «0000 =-38.5077 28,5677
Gopelu D0 T o998 + 0000 «0600 =38.8648 3B, 8648
4a.00U U0 Te9dud <0000 «0000 =39,4852 29,4852
4g9.uUQ Ul 7,982 «0Qa0 + Q000 =39.,8089 29,8089
S0eVl +U0 HeNo2{0 «0000G 0000 -40.1419 40,1419
S2eUy +00 £,1913 U000 <0000 =40,.8362 Lo,B362
53.00 + 00 8.26348 «00100 « 0000 =-41.1980 41,1980
ShH. U8 « 00 B.4lbiu 00Ny +0000 ~41.9518 41,9518
Sb.Uu OUO 8-1}937 -UU“U OUUOD -Q2.3l“+2 u2.3ﬂ.f+2
57.uu «Ul B.5740 «Q000U « 0000 -U2,7472 42,7472
58600 «00 B.A570 <0000 + 0000 =-435.1610 43,1610
60.U0 « 00 B8.8303 <0000 U006 =-44,0219 44,0219
BleUl +0D £.9200 «LOOU «0000 =44 ,40693 44,4693
62400 « 00 S,01z1 «00N0 «0600 ~44,9204 44,9284
63,00 +00 S.1066 « 0000 <2000 45,3903 45,3993
6‘*!“0 OUU 9.2“3’4 UUOOU OBUDO “45-8822 4508822
65.00 «00 G304 0000 0000 =-46.3775 46,3778
BHLUY «00 D.40u6 0000 «0000 =-i6H,8852 uf.,8852
6T7«UG « Ul G.5U4l «U00UL L0000 -ﬂ?.QUSS 47-4055
6BOUU L45.00 5-8809 10000 -5-3589 -2808279 qu3181
69,U0 - 45400 5.9470 000U ~5.4017  =29,1547 29.6509
TUU 45.00 6.016U <000 =-5.4661 =29,4894 29.991R
Ti.LU L4D.0U B.08560 2U000 =-5+5321 ~29,82321 30,3407
TeaUl 45.08 61576 « 0000 =5.5H937 30,1627 30,6978
TieUU 45.00 G.2309 «00nu -5+66B9 =30.5415 31,0631
Thauy G500 B+3008 «Syang -H.7397 =-310.9084 31,4368
T5.uu 45.00 be382b «00N0 -5.8121 -31.2833 3l.8187
THalu 4Se0N Be.buG L UONU =5«B862 «3)l.66686 32,2091
T7«U0 G5.U0 BeBH40T 000U ~5a9620 «~32.0582 X2,6078
78.0U G5.00 G628k +u0o0 -6.0394 ~32.4580 X3,0150
79400 4S.p0 L7008 + 0000 -6+1185 =32.80660 23.4307
BOsUy 45 () D708 00U =6« 1992 =33, 2822 33,8546
BileUy 45.00 G.BTTH «00ND =H+2016 ~33,7056 a4, 2869
HB2.Ul 45400 6e9GLT «ONNU =~6H+3655 =-34,.1589 34,7273
85.uu 45400 TeN5H09 ~O0N0 64512 -34,5793 35.1759
AB4.uy 45.00 Teluly + 000y ~HeH3BH -35,0274 35,A325
B54Ul, 45400 7.2400 sU0PG =Hha6H271 35,4832 36,0968
Boauyu LSs 00 Ted330e «O0NL ~H 7174 =35.94p4 36 .5687
BT7+Uu 45400 Teddly +U0NG ~6+ 8092 =36. 8168 37.0479
B8alu 45.00 7.5284 000U =6H«9024%  =36,8940 37.5341
B89.uy Y5+ 00 T+6270 U000 -6+49970 =-37.3778 32.0270
Y0e00u G5.00 Te727% «000G0 =7.0029 =-37.8677 38,5262
91Uy 5+ 00 T+829e « 0000 ~7«1899 =38,3632 32,0312
92 4 Uy 58400 haed M «A0nau -5.0476 -26.8177 27.2886
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Table 22 (contd)

Time, 0 tilt, 5P Fspx Fspy Fspz [Fspl,
days deg 10! km/s? 106 N 100 N 106 N 106 N
Q20U SB.00 S. 4394 «0000 -5.0143 -26,6497 27.1173
93.0u 58,00 5.5083 » 0000 -5.0810 -26,9864 27.4606
G4 el 58400 5.5801 0000 -5.1507 27,3377 27,8187
g5, Uy 5400 546550 »0000 -5,2235 =27.7041 28.1922
g?lUU 58000 5-8145 CUOOG -503?87 ‘28.4541 28.9875
QB UL SH.00 55,8994 «0000 5, 4614 -28,8958 29,4103
9, by 5800 5.9877 « 0000 =5.,5476 =29,3306 29,8506
100«by $8.00 60797 0000 =5.6375 w29, 7802 30,3091
10100 58400 6.1754 «000UG =-5.7311 =30.,2481 30.7862
10340y 58400 6.3785 +0000 -%,9303 -3l.2411 31,7990
104eUy B8.00 Be4d52 «0000 =6+0361 =31,7674 32,3358
105400 58.00 6.5981 +0000 =6He 1463 =32.3144 32,8937
106400 56400 BeTlla «0Nn00 -6+2608 =32.8826 33,4733
107400 58400 6.8351 0000 -6+ 3800 -33,4726 34,0752
IOB;UU 58-00 6-960’4 -0000 -6-5040 "34-0850 3”’-7000
110404 58.00 T+2252 0000 -6 TE6L -35,3786 36,0199
llt.vu H8. U0 4.8852 «000U =3.,9399 20,0330 24,3542
112.U0 68.060 4.,98067 0000 -4+0225 =24 ,5024 24,8304
113.4u 68.00 5.0795 L0000 -4.1080 =24 ,987S 25,3230
115.00 68.U0 S.2870 «00Ng =4.2883 =-26.0064 26,3575
li6edu 68,00 5.3957 0000 -4 .3830 26,5401 26,0996
11700 68400 5.5077 <0000 -4.4809 -27,0898 27,4579
119,04 H8 00 9. 7415 L0000 =i}« H855D '28-2360 28,6221
12040u 68,00 H.8626 +0000 -4 7924 ~28.8313 29,2269
121,00 BEe 0 5.,9867 «0000 =4.9019 -2, 0405 29,8458
122.UL BaeUD £a+1155 0000 -5,0141 - =30.0026 IN,.u778
123,00 BH»00 Le2U27 0000 =%4.1287 ~30.6963 31,1218
12400 EdaU0 H43739 L0000 =5 2454 =31.3401 31,7761
125U 68060 B4 50869 « 0000 “5.3639  =31.9Y24 32,4390
126400 BALOO ba.HU11 «0000 -5.4839 =32.6510 23,1083
127490 6&« 00 6.776& +000U ~5.6050 =33.3136 33,7818
128.Uy 6800 5.9116 0000 —5.7266 -33,9774 AL U566
129,00 GBe00 T+ 0466 0000 =5.8482 -34,6395 25.1297
13140 T1i.0U0 b.2u28 «0000D -l 7919 30,7511 31,1223
132&UU 71!00 613532 IUOOU -4-85‘46 -31-2939 31.6728
133. U0 71.00 b.UB07 L00nN0 ~4,9751 -31.8221 22,2086
13440y 7Leul £« 56044 <0000 ~5. 0626 ~32.3317 32,7256
13%.uu 7100 646635 «GaN0 ~5e1464 -32,8187 x3,2198
136,40 71.00 &.T7572 0000 ~5:2258 ~33,2790 33,6869
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Table 22 (contd)

Time, 6 tilt, asSps FsPx, Fspy Fspas |Fspl,

days deg 10!} /2 106 N 106 N 106 N 106 N

137Uy 7100 6. B444 000U -5.3000 =33,7U85 34,1226
138.00 71.00 6.0249 » 0000 -5.3683 -34,1U30 34,5229
1404UG 7100 7.0604 0000 -S4 A4S -34,7710 35.2009
141 abu 71.00 7.1151 0000 ~5.5306 ~35.0374 35.4713
145,00 71.00 7.1929 0000 «5:.5972 =35,4197 35,8503
144 .0y 71.00 7.2156 0000 -5.6166 -35.5311 35.9723
14520 Tl Te2270 +0000 =S.6264 =-35,5872 36-0293
146Uy 71.00 72271 «0000 -5+ 6264 =35.5874 36,0295
147 Ui 7100 7.2157 G000 -5+6167 ~35.5317 35,9729
148400 71.00 7.1932 0000 «5,5974 =35,4208 35,8603
149,04 7i.u0 7.1596 + G000 -5:%687 =35,25%9 35,6930
150.U04 71i.00 7+115% +0000 ~5,5309 -35,0392 35.4731
15k Ui 7i.00 70613 <0000 -5,4847 =34,7732 35,2031
152U 7100 6+9977 «0000 -5« 4304 =34 ,46090 34,8861
153,04 71.00 6.9254 <0000 =5+3688 -34,1057 34,5257
15440y 71.00 bH.BU52 00Ny ~5+3006 -33,7116 34,1257
155,00 7100 6.7079 +0000 -5.2264 ~33.2823 33.6902
15640 7100 by aoUZ +00N0 ~5.1470 -32,8222 33,2233
157.00 71:00 645651 0000 “5.0632 -32,.3353 32,7294
158, Uy 7100 H.461Y4 0000 -4 ,9758 =31.8259 32.2125
159, uy 7100 6.+ 3540 <0000 ~4,5853 -31.2979 31,6769
160400 7100 B.2U435 «0030 -4,7926 =30,7552 31,1264
16100 7100 Gel3u9 «0000 -4 4H982 «30.2015 IN. 5647
162400 71.00 60167 0000 -4 .6028 =29,.64pn2 29,9955
163400 71.00 $.9017 - 0000 -4.5070 =29.074% 29.u4217
lo4 .04 7100 S.7863 «0000 =-4,4111 28,5073 28,8466
16540y 71l.00 5.6711 000U ~4,3156 -27.,9411 28,2724
166Uy 7i.u0 5.5566 »0000 -4.2210 =27.3782 27.7017
167.U0 71.00 Se4433 0000 ~4.1276 ~26.8208 27.1365
168. 04 71.0U0 “.3313 L0000 -4 .0356 =26,2704 26,5786
169,00 7100 5.2212 + 0000 ~3,9453 -25.7287 26,0295
170.0u 71.00 5.1131 «0000 -3.8569 =-25,1970 25,4904
171.90 7i.00 5.0072 0000 «3.7706 ~24,6762 24,9626
172.00 7l.00 4,9037 « 0000 -3.6864 -24,1672 24,4468
17340 71.00 4,8028 004G =3.6045 ~23.86707 23.9436
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Table 23. Coordinates of centers of mass of
magnetometer sunshades

i Are 2
X m Yo ™ Zepr ™ a, m
1 -0. 2555 -4, 5735 0..340 0. 0605
2 -0. 2550 -6, 840 Q. 340 0. 0877
3 -0. 2805 -4.214 0. 340 _ 0. 1084

Table 24. Coordinates of centers of mass of
IRR sunshades

Shade Xpor €m YRper €M Zpor M Area, 1’n2
1 -47.25 -87.825 73.40 0. 0406
2 -58.625 -96. 95 68.60 0. 0299
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Table 25. Components of the sclar radiation force and torque on adiabatic surfaces

9
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ﬁggﬁgﬁﬁfﬁﬂj

s

]

o

TR

T

G

SR

&

G _

'['ime, apD. FADx- FADy’ FADZ' MEGL]D)K’ MEALC Ve Mf“?ﬁz- |FAD{: !HE"-\CD)L
days 1011 ke /a2 108 N 106 N 10b 10 N.m 10% N-m yob N-m 10PN 10 N.om
i 5.839¢ « 0400 «0319  =29.1105 24,n338 -1.8108 <020 29.110% 24.1020
leby SeR435 L0uny <0319 ~=29.1317 24,0513 ~1.R121 .0201 29,1317 24.1195
Zelu b, A4BE LUs0L 0319  =29.1572 24,0724 ~1.A137 « 0212 29,1572 24,1006
Sl 5.,85ub L0401 w320 =-29,1889 240969 =1.8155 «0202 29.1870 24 «1653
Waelu 5.R0LY 0U02 0320 =29.2209 24.1250 -1.4176 Q202 29,2210 24.319234
Sy 9.8694 0402 03206 =29.,2593 24.1567 ~1.8200 0202 29,2593 24,2252
By 5.8776 403 L0321 -29.,3019 2441919 ~1 8227 «02n3 29,3020 24.2605
Taly b BE71 L0403 0321 -29,3490 24,2307 ~1.B256 0203 29,3490 24,2994
Belu 5.8974 U4 0322 =29, 4004 24,2732 =1.8288 «0213 29.4004 24.3820
Faly 5496860 U805 +0323 =29,4562 24,3192 -1,8323 0204 29,4562 24,3882
1UeUy 9.9296 M 0323 =29,.51a4 24436990 ~1.8360 0294 2%.5164 24.4381
1lsVo 522336 0407 L0324 -29,58]11 2hay224 -1.8400 <0204 29,5812 24.4916
124Uy 5.9475 L0408 20325 =20,6533 24,4796 -1,8443 «0295 29.6504 24.5089
15aUy 5.9623 LU0Y + 0326 =-29.7241 24..5405 -1.R489 Q205 29,7241 2456100
14Uy 5.97650 «UR10 N326 =29,8025 P4 .6052 -1.8538 L0206 29.802%5 246749
15.U0 4907 U411 WU32T  =29,8855 24.6737 18590 «0207 29.8855 24,7436
1&aUy 6.0123 Qe 20328  =29,9732 24a7U61 ~1.8644 «0297 29,9732 248162
174Uy G.0308 0415 +0329 =30.06%6 24.8224 -1.8702 «0208 30.0656 24.8027
18eu0 &a0503 U415 «0330 -30.1628 24.5026 =1.R762 «02n8 30,1628 24.9732
19.0u 6.0708 U416 + 0331 =30.2648 2449869 -1.A826 »0209 30,2649 25.0577
2Uedu 6.0922 0ul17 «0333  =30.3718 25,0752 -1.RR92 0210 an,3718 25.1463
2leliu GelitT «GH1Y 20334 =30.4837 2%.1676 ~1.+8962 0211 30.48348 25.2389
2240y B.1381 a2l +0335  =30.6U007 25.2642 -1.92035% 0212 30.6007 25,3358
23Ul 641626 0u22 0337 =30.7227 25.3649 ~1.9111 0212 30,7228 254368
2440y B.18u1 0424 «0338  =30,8459 25.4700 -1.+9190 0213 30,8500 25.5422
25y 6.2147 U426 «0339  =30,9824 25.5793 -1.9272 0214 30,9825 25.6518
2hell Gelh2% Juzh «D3UY =-31.1202 25.6931 -1.9358 «0215 Al.1202 25.7659
27Uy 6e2711 «OU30 0342  =31.2634 25.8113 ~1.9447 0216 31,2634 25.80845
2BaUy B4 3U0Y $0u32 « 0344 =31,4121 25.9340 “1.9539 »0217 Tl.u121 2h.0NTH
29« uu 6e3518 0434 0346 =31.5663 26.0614 =1.9635 «0218 31.5663 2641353
3Ueuu B4 3639 0436 0347 =31,7262 26.1934 -1.9735 20219 31.7263 26:2677
3lauuy B 3971 L0438 G349 =-31.89Y19 26.3302 -1,9838 0220 31,8919 2H u0LA
324Uy 6.4315 LTS ] + 0351 -32.0634 26,0718 -1,.99%u4 0222 12,0634 26,5164
33ely BL.LET] YR +0353 =32.2408 2b.H183 -2,0055 0223 32.2409 266937
SUaly b 5040 «Qibe « 0355 =32. 4244 26.7698 =2+0169 0224 324240 26« R45T
Ih. 00 B.5420 0448 0357 =32,6141 26.9264 =2.0287 0225 32.6141 27.002R8
3baUy HeHAL U451 <0359  =32,81p00 27.0882 =2.0409 0227 32.8101 27+165N
3700 Lah219 « Q454 « 0362 =33,0Ll24 27.2553 =-2.0535 0228 33,0124 273325
38400 b B63Y 0457 20364 -33,2212 27.4277 -2.N665 «0230 33,2213 27.5054
394 UL by 707U «U46U +0366  «33,43867 27.6056 -=2.1799 0231 33,4367 2746R38
YUy L7516 U463 «0369 =33,6589 27.7891 -2.0937 0233 23,6589 27.RRTA
41,y b 7975 «046Eb +0371 =33.85680 27.9782 -2.1079 0234 33,8881 28.0575
Yzoly EPL RIS +0UB9 0374 =34,1241 28.1732 =2.1226 «0276 34,1242 282530
43,00 5.8937 L0472 0376 =34,.3674 26,3740 -2.1378 <0278 34,3675 28. 4544
Ul Uy eIy 0475 379 =34,6180 2845809 -2,1533 «0239 34,6180 28.66192
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Table 25 {contd)

(<3

{C)

MA:,

|mi],

Time, aAATH FADx»s FADy' FADz MATDx MATDy, lFADL

days 30t wmye? 10BN 106 106 N 108 N'm 10° Nem 108 Nem 0% N 106 N+ m
4500y 649987 WON79 L0282  ~34.8760 28,7939 “2.169 0241 a0, B760 28,8755
Y& L 7« T4 30 JO4B3 «0385 =35,1%15 29,.n131 =2«1859 «0243 35,1816 29.0254
47 g 7.1038 Ou87 1388 =35,4148 29,2388  -2.2029 0248 35,4149 29.3217
48.uy 7.1602 WUl L0391  =35.6960 29,4709 —~2.2204 0247 35,6960 29.5544
('S IRTIY] T.2182 0495 « 0394 -35,9u52 29,7097 -2 2384 «02049 15,9853 29.7%3%
B50.Uy T.2779 L G499 L0397  =36,2827 29.9553 ~2.9569 0251 36,2827 3p.pho2
Siabu 7.3392 0503 L0401  =36.5885 30,2077 ~2.2759 N253 36,5AR5 30.2938
52404 7.4023 L0507 L0404 =36,9U28 A0.L6T3 ~-2.2955 «0255 36.9029 30.8536
530U 7.4671 0512 +040B  =37,2258 30,7340 -2.3156 + 0257 37,2259 30.R211
L4 ,0u 75336 +0516 WJOW11 T =37.5577 31.0080 -2.3362 0260 37.5%78 31959
Shel T+6U20 0521 415 =37.8987 31.2895 -2.3574 +0262 17.8987 31.3782
S6.U 7.6723 G526 L0419  =38,2489 31.5786 -2.3792 0264 38,2489 31.6681
57Uy TaTH4% 0531 OL23 -38,6084 31.8754 =-2.4016 0267 38,6085 31.06560
Sy 78185 0536 LDu2? =-38.9776 32.1802 -2+ 245 02h0 28.9717 32.2714
5. Uy 78945 0541 WOL31 =-%9,3565 32.4930 -2 4uB1 0272 29,3565 32.5851
bl Uy 7.9724% 0546 0435  =39,7453 32,8140 =2.4723 0275 39.7453 32.9070
Blauy B.0525 0552 SOLGD =B 0, 12 33.1434 =2.4971 0277 40,1443 33,2373
62.UL Bl dHo U557 e OULL =-40,.,5034 33.4812 “2:5226 0280 if,5535 33.5761
B3 euy B.2187 «0563 LDLu9 -40.,9731 35.8277 -2,5487 0283 4n,9731 33.9236
b4 4 Uu 5.3050 0569 0453 =4l HU3S 34,1829 =2.5754 0286 ul.4034 In.2798
65Uy B.393%9 0575 SN45B  m4l.Bugl 34,5471 ~2.6029 0289 h1.8645 0. 64510
BEHsUU B.08452 <0581 SOU63 42,2966 34 ,920U =2..6310 0202 uz,2966 35.0194
B7aly 5.5771 20588 0468  =42,7598 35,3028 -246598 0296 42,7598 25.4N029
[T ERUIY B.6T23 0504 $O6TY =43,2343 35.6346 -2 .6893 0299 43,2343 35,.79%7
6900 H, 7698 »0601 Q4TS =43,7202 36.0958 =2.7195 L0302 43,7203 26.1981
Frr B.8696 0608 « U8y w4, 2177 36.5065 =2.750% . 0306 44,2178 366100
Tlelu B.9717 -0h15 0490 witlf, T26T 36.9269 -2,.,7822 «0309 44,7270 37.0316
T2eUu 9.,0762 0622 JOLTE  =45,2479 37.3570 ~2.R140 +0313 45.2480 A7.4629
73,00 9.1831 LY 0501 =-u5,7809 37.7971 =2« B477 +0316 45,7809 37.9042
TaaUu 9,294 0637 L0507 =46 ,3258 38,2470 ~2.B8186 «0320 b6.3259 3R .3554
7500 .yl JLHYY 0514 46,8827 38,7068 -2+9163 <0324 h6.8R28 3B.R165
76400 9.5183 0652 10520  =47.4519 39,1766 -2,0517 0378 47.4519 39.24877
77Ul 9.6349 U560 +0526  =48.0331 39,6565 -2.9878 .0332 uB,0332 39.7649
718.0u 9,7539 D666 «0533  =48.5265 40,1464 =3,0247 <0336 4R 6266 40,2602
79.0u 29,8754 U677 £0539  =49,2320 406463 -3.0624 L0340 49,2320 40,7615
AU .vU 9, 5992 0685 01546 =49,849% 41.1562 -3.1008 «0345 L9 ,8496, B1.2728
Biall 10.1256% 0604 0553 =50.4790 4l.6759 =-3«1400 0349 £0.47931 41.7940
82,04 102541 0703 0560 =5t.12p02 42.2052 +~3,1798 +0353 51,1203 42,3249
B3.UL 1G.3851 0712 20567 =51.7731 42.7443 ~3.2205% D358 51,7732 42,8655
B4eu0 10.5184 <0721 «D5TY -52,4315 43,2926 -3,.,2618 L0362 52.4376 B3.4155
BS5.Uu 1G+6539 L0730 + 0582 =-53,1130 43,8505 ~35.3038 « D357 53.113 83,8748
BB U0 1D.791% Q740 - 0549 53, 7993 a4 .4172 ~%3YE5 0372 53.7994 44,5431
B7a.ul 10,9313 DTBY 0597  =54.4962 44,9925 =-3.3898 0377 54,4962 45.1200
Blaluu 11.0731 L0759 + G605 55,2030 45.57T60 ~3,u338 « 1382 55,2031 45,7052
8Y9.uu 11,2106 0769 0612 =55,919u uB.1675 ~3.4784 +03R6 55,9194 b6.298%
90Uy 11,3623 L0779 0620 =56.6447 46,7663 ~3.5235 0392 S6.GHUR 46.8909
9lalu 11,5094 »07R9 +0628 =57,37B1 47,3719 ~3.5691 0327 57,3782 L7.5061
24U 11.65bl « 07949 «0637 -58.1193 47.9838 -3,h152 «0u0z H5B8.1194 4A.1198
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Table 25 (contd)

G = C

Time, 2AD: F%?w FapDy FADu M&ﬁw MK%W MaB.. [Fanl, lwﬂﬁ-

days 101 krn/s2 107 N 106 100 N 10° Nem 108 Nem 108 Nemn 109N 108 M-m
IZelu 11.585% LU794 «0633 ~57.7576 47.6852 ~3.5927 0399 57.7577 47,8203
o3, 0u 11.7365 0804 0641 58,4823 4B.2835 =3.6378 « 0Ly 58.482Y4 48,4203
Yl e lbu 11.8425 L0814 «0649  =53,2381 48.9075 =3,6848 «0409 59,2382 49,pu61
95, Uy 12,0406 «0825 «0657  =A0.0263 49,5582 -3.7338 0415 60,0264 49,6987
YUy 12.2054 . U836 +0666  =60.8478 50.2365 -%.7849 «0421 60,8479 50.37R9
97 v 12.3771 L0848 0676  =£1,7038 50.9432 ~3.8382 0426 61.7039 51.n876
3 di 12.55%9 «GBHO s 0686 ~52 . 595Y 51.6793 =3.8936 w0433 62,5955 51.8258
ALy 12,7421 «0B73 +0696 ~653.5237 52.4457 «~3.951¢ «Ou39 B3.5238 52.5944
10U Uy 12.9360 .0BB6 0706  =6i,4901 53,2435 -4,0115 0446 4. 4902 53.3945
1UI.UQ 13.1576 L0900 20717 =65.4955 54.0736 -4, 0740 + 0453 65.4956 54,2269
10240y 13,347y +0915 £0729  =gB.S412 54,9370 =-4,1391 «Dusn 66.5413 55,0927
103Uy 13,5655 20939 D781  ~67.62087 56.8348 -4.2067 JOUST 67.6288 55.9930
ludeLu 13.7922 AT “0753 ~58.7589 56.7679 = 2770 0475 68,7590 E&.9288
105y 14.0278 «09A1 0766  =£9,9334 57.7375 ~4,3501 0483 69,9335 57.9012
106. UL 14,2725 «0978 0779  =71.1530 S8, 7445 -4.4259 0492 71.1532 58.9110
10700 14,5264 «0995 0793 =72.4192 59,7898 -4.5047 «050] T2.4193 59,9593
108 LY 14,7900 +1014 «0808 ~73,7331 60.8746 ~4 5864 0510 73.7332 61.0472
109400 1D.08635 +1032 20823  =75.0953 61,9993 46712 «B519 75.0954 62.+1750
11044y 15. 3%bY «1052 +O0B38  =76,507% 63,1652 -4, 7590 «D529 76,5076 63.3u42
111Uy 15.64490 L1072 «0a54  =77.9658 6443725 -4 ,8500 +0539 77.9699 &l 5549
112400 15.9435% «1093 +OB71  =79.4834 65.6222 =4.9441 <0549 79,4835 65.8082
113.9y 1642575 fl11y +0BBEB  =B1.04BB 66,9146 ~5.0415 « 0560 81,0489 67.1042
11440y 16.5819 1136 »0905  =82.5663 68,2499 -~5.1421 20571 B2 .B66L 6844304
11540y 169167 «1159 20924  =BH.33S5 69.6281 ~5.2459 +0583 84,3357 €9.8255
1l6.00 1742620 «1183 «0943  =BH.0D5E9 71,0492 -5.3530 « 0595 B6.0%7N T1.2506
117.00 17.6176 .1207 «0962 =R7.B295 72.5127 ~5.4633 «0607 A7.8296 72.7183
11844u 17.9432 .1232 20982  ~B3.652Y4 T4.0177 -5.5767 «DB2D 89,6525 74,2275
119.90 18,3587 +1258 «1002  =91.5241 75,5631 ~5.6931 «0633 91,5243 75.7772
1204y 187435 1284 «1023 03,4428 T7T.1471 =-6.8124 DoUE 93.4429 T7.3658
121.0y 19,1372 £1311 <1045  =95,4054 78,7675 =5.9345 + 0659 95,4055 78.9907
12240 19,5392 +1339 «1067  «07.4093 80,4219 ~6.0592 0673 97,4094 80.649%
123400 19.9486 +1367 <1089  ~99,4503 82.1069 =-6.1861 +O6RT 99,4504 82.3397
12440y 20. 3644 «13%6 «1112 ~101.5z35 B83.81B6 =-6.3151 a702 101,5236 Bh.p562
126.04 20.7856 L1424 «113% =103.6233 B5.5522 -6.4457 L0716  103.6234 B8S. 7947
126400 21,2108 1454 +1158 =105.7430 87.3023 ~6+5776 «0731 105,7432 B7.54908
127400 21.6385 +1483 +1182 =107.8751 89.0626 -6.7102 0746 107.8753 89,3150
128,44 22,0668 «1512 +1205 =3110.0106 90.82%6 =6.8430 0760 110.0107 21.0831
129,04 22,4940 « 1541 +1228 ~-112.1402 %2.5838 -6.9755 «077% 112,1403 92,0463
130400 22.9178 +1571 #1251 =114,2528 94,3281 ~7.1069 0790 114,253D 94,5954
131400 23,3358 1599 v1274  ~116.3367 96,0485 =7.2365 «DA04  116.3369 96.+3208
132.uu 23,7454 627 +1297 =118.3789 97,7346 743635 0818  118,3791 98,0116
133.u4 241440 « 1655 «1318 ~120,3657 93,3749 =7.4871 «B832 120,3659 9%.6566
13400 24 .528% «1681 +1339 =122.2825 100.9574 =T.6064 +OB4S 122.2827 101.2436
135.00 24,895y «17086 21359 =124,.,1142 102.4697 =7.7203 +OBSE 128,114 102.7601
136404 25,2431 « 1730 «1378 =125,8452  103.8988 ~7.8280 +0870  125.8454 104,1933
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Table 26. Total force and torque on Mariner Venus/Mercury spacecraft
C C c = —(C

e, ar, F Rce Fry  FRz uiC) M), M, FRl vt
days 1011 jem/s2 106 N 10° N 108 v 106 N'm 106 N 106 Nern  10° N 108 Nom
Wy 12.4707 <0400 .0950 =62.1705  21.9922  ~1.8108 L0201 52,1706 22.0667
1 12,4756 LUB00 L0950  ~62.2161 22,0083  -1.8121 L0201 B2.2161 22,0827
2euy 1244908 LGunl L0451  =62.270B  22.0275  =1.8137 L0202 62,2709 22.1n21
300 12,5036 G401 (0952  =62.3346  22.0500  ~1.8155 W0202 62,3347 22,1246
4alp 12,5183 00z L0954 =62,4077 22,0757 ~1.8176 L0202 62,4078  22.1504
5aUy 1245415 0402 J0077  =62,5235 22,0286  =1.B200 0202 62,5236 22,1037
Be Ul 12,5696 L0403 11010  -62.6644  21.9489 ~1.8227 L0203 62.6645 22,0244
7400 12.6003 L0403 <1045  =62.8165  21.8681  -1.R256 L0203 B2.8166  21.9442
BaUL 12,6330 L0u0Y «1081  -62,9799  21.7862  -1.R283 L0203 62,9800  21.862R
2. 0v 12,6681 0405 <1118 =63.1547 21,7030  =1.8323 L0204 63,1548 21.7803
0.0 - 1207055 .0u0e (1156  =63.3410  21.6186  =1.8360 (0204 63.3u11 21.6965
1190 12,7452 (G407 +1196  ~=63,5389  21.5328  ~1.8400 0294 63.5391  21.6113
12,0y 12,7973 (U408 11236 =63,7487  21.4455  ~1.A043 0275 63,7482 21,5246
13400 12,8318 0409 L1278 =63,9705  21.356%  ~1.8489 .0205  £3,9707  21.4363
14.uL 12.8767 <410 +1322  =64,2045 212654 =1.R538 «0206 64,2047 213461
15400 12.9261 L0411 (1366 =64,4509  21.1724  =1.R590 .0207 64,4511 21.2539
160Uy 12.9801 L0812 L1412 =4,TU99  21.0772  ~1.R64 0207 64,7101 21,1595
17.00 13.0346 L0413 (1860 -64,9818 20,979  ~1.8702 L0208 64,9819  21.0627
18wy 13.0916 L0415 <1509  =65.2667 20,8791  ~1.8762 ,0208  65.2669 20,9632
19. 00 13.1516 L0416 <1559 =65.5649  26.7758  ~1.8B26 .0209  A5,5651 20.8609
20400 13.2141 0417 (1611 =65,8767  20.669%  ~1.8892 L0210 65,8769 2047555
21400 13.2795 $0419 (1664 =pb,2024 20,5596  =1.8962 0211 66,2027  20.5u69
2240u 13.3476 NTPES! .1719 =66.5423  20.4462  -1.9035 .0212 66,5425 . 20.5346
2340y 13,4187 L0422 \1775  =66.8966 20,3290  -1.9111 L0212  66.8969  20.t186
24U 13,4928 $0424% (1833 =67.2658 2042076 <1.9190 .0213  67.2660  20.2985
25,Uu 13,5698 U426 «1893  =67.6500  20.0818  ~1.9272 L0218 A7,6503 20,1741
Zbevy 12,6500 0428 1954  =68,0467 19,9515  -1,9358 .0215  68.0500  20.0452
274U 13.7334 0430 L2017 =68.4652  19.8162  —1.9u47 L0216 68,4655  19.9114
28440 13.8200 SU432 L2082 =68.8969  19.6758  =1.9539 0217 6B.BA72  19.7726
29.uy 13,9099 e <2149 ~69,3451  19.5300  ~1.963% L0218 69,3454 19,6285
30400 14,0032 $0436 <2217 =A9.8102  19.3786  -1,9735 10219 69.8106 19,4789
3.4y 14,0999 0436 \2286  =70.2926  19.2215  -1.9838 0220  70.2030 19,3236
12.0v 14,2003 NS .2358  =70,7927  19.0584  -1,994%4 L0222 70.7931 19,1625
3344y 14. 3042 L0443 +2430  ~71.3108 18,8892  =2.0055 L0223 71.3112 18,9954
34,400 14.4119 D446 12505  =71.8476 18,7136  =2.0169 .0224 71,8480  1B.8220
3540y 14.5232 L0448 (2580  =72.4027  18.5323  =2,0287 (0225 7244032 1A.6430
36Uy 16384 - 0451 12656 72,9769 18,3450  =2.040° 0227 72,9774 1R.u582
37400 14,7574 D454 2734 =~73.87p2 18,1522  -2.0535 .0228  73.5707  18.26AC
3340y 1448803 <Gu57 C2811  ~74.1827  17.0544  =2.0665 L0230 74.1833 18,0730
39,0y 15,0070 U460 02889  =74,8142  17.7529  -2.0799 L0231 T4.BL48  17.8743
GUe b 15.1373 L0463 \2965  =75.453%  17.5496  =2.0937 L0233 75,4685 17.6741
41aUu 15.2713 0466 J3040 «76,1319 17,3453 -2,1079 0234 76.1325  17.4730
424U0 15,4090 0463 L3112 =76.8183 17,1802  =2.1226 0236 76,8189 17,2712
43.uu 155504 .0u72 L3183 w77.5234 16,9347 =2.1378 0238  T7,5241 17.0691
T 1546957 JOUT6 L3250 ~78.2475 1647290 -2.1533 .0239  7B.24B2  16.8671
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Table 26 (contd)

Time, AR FRx FRy FRa Mg’;’(), M(Rc;r}' Mg{cz)’ |FRII’ {M%C}L
days 100 km/s2 108 N 108 N 108 N 106 N-m 0% N.em 108 Nem 108 10% N.m
45.uu 13.8448 «LL79 «3314 =T8.9908 16.5237 =2+1694 020 TR.9915 16.6655
Ghaliv 15.9977 L0483 $ 3273 ~7%.7533 16,3192 -2.1859 +0243 79.7541 16,4649
4Teuy 1641546 Qua7 3429 =80.%354 16,1160 -2.2029 0248 BD.5362 16.2658
HBe UL 16.31504 «G491 + 3480 -81.3369 15,9150 =2.2204 «0247 81.3377 16.0691
Bu, 0L 16.48u2 U495 3525 =82.1385 15.7162 =2.:2384 «N249 R7,1593 15.87u8
50sVu 16,6494 QRG99 « 3564 =83.,0un0 15.5207 =2.:2509 «0251 A3.0N048 15.6839
SLauls 10.8210 «0303 « 3598 =-83.8015 15.3292 -~2.2759 <0253 A3.BR23 15.4973
32euly 1649986 0507 « 3624 =-84.T431 15.1426 -2.2955 £ 0255 Al ,T435 15.315%64
S3a Ul 17.179% +05]12 «3e42 -B5.6447 14,9617 =2:3156 0257 B5.6455% 15.1399
54.0¢ 17. 364y ~UG16& « 3654 ~86.5065 14,7875 =2:3362 0260 B6. 5672 14.97p9
Sheuu 17.5533 20521 » 3657 -87.5083 14.6209 -2+3574 0262 87.5091 14,8098
Sbauu 17.7483 U526 « 3651 -88.47nY 14.4626 -2+3792 «025h4 RA.4TIY 14.6R70
57Uy 17,9442 10531 «3637 89,4523 18314 —2,4016 JO267 89,4530 14,5145
5H.Uu 18,1442 +D536 «361Y4 =90, 4944 14.1766 =2.4245 0269 90.4552 14.3825
59s Ly 16.3462 0541 « 5583 =01.4762 14.0508 ~2.4481 0272 91,4769 15.2p25
BUeUY 15.5561 «05u6 «3543 «92,5177 13,9373 -2.4723 0275 92.5184 16,1554
6lavy 18,7709 .0552 »3495 =-93,5789 13.8387 -2.4971 0277 93,5796 1u.p822
B2ely 1b.9877 20557 $ 3040 =34 ,6H96 13,7546 =-2.5226 0280 94,6602 13.9840
63.Uy 19.20u4% +0563 3379 -95,7597 13.A864 ~2 5487 L02R3 9%.7603 13.9217
BlslL 19.4320 0569 3312 =06.8787 13,6352 =2.5754 +02R6 °96,8793 13.8764
65Uy 1%.6612 +1575 + 3241 =98.0172 13.6017 =2.6029 0289 KEL.N1LT7T 13.p486
BH.UD 19,8933 «05a1 + 3168 99,1745 13.5R69 -2.6310 <0292 99,1750 13,8393
B7all 201292 «05A8 3096 =100.3504 13.5913 -2.6598 0296 100, 3509 13.8u92
BALLY 1b.5661 0BOY ~5.0361 ~82. 4340 13.6156 -2.hB893 0299 82,5877 13.8787
oYUy 1, 76459 L0601 =%.1052 -B3e 4275 13.6603 -2.7195% 0302 A3,5835 13.92R4
TGauy 16,9682 GbDl -541748 =84.4337 13,7256 -2.7505 0305 A4 ,5922 13.46985
71490 17.1730 0615 =5.2445 =85.u4526 13.8117 =2.7822 1309 85.6134 14,DB92
72 auu 17.3004 0622 =5.3140 «86.4337 13,9191 ~2.8146 0313 86,6469 16,2008
Ta.0u 17.5900 0625 -5.3630 ~87.5270 14,0477 -2.8477 0316 A7.6924 14.3335
Tualu 17.8021 0637 ~5.4511 ~88.542¢ 14.1982 ~2.88156 «0320 88,7496 14,4877
75.ub 18.0164 DBuY4 ~5.5182 =89.,64583 14,3709 ~2.,9163 0324 89,8140 14.6638
76y 16,2330 0652 ~5.5843 =50.7259 14,5666 -2.9517 0328 90,8976 16,8627
TTeU4 1b.4517 »GRBL =5.645% =91.8144 14,7864 ~2.9878 0332 a1.98431 15.nB53
Tdauy 18.R726 «06/8 =5.7138 =-32,93135 15,0313 =3.0247 D335 97,0890 15.3326
T9eui 1648954 0677 -5.7777 =-34.9228 15.3025 =3.0624 L03uQ Q4,2n01 15.6059
BUsuy 19.1203 0B85 ~H. 8414 ~95.1418 15.6013 =3.1008 + 0345 85,3210 15,9085
Bluby 193470 0654 -5.3051 =96.2703 15.9289 ~3.14900 0349 96,4512 16.2355
82auu 19.5754 U703 =5.9693 =37 4074 16.2B62 -3.,1798 »0353 97,5901 16.5939
Bl.ly 19.804& G712 =be (341 =08,5529 16.,6Thb =3,2205 L0358 GR, 7375 16.9828
Buely 26,0373 0721 50999 =93,7usl 17,0949 =3.2618 0362 99,8928 17.40306
BheUl 20,2704 20730 =641668 ~-100.8663 17,5479 =3.3038 0367 101.0546 17.8582
BHeuu 20.5U47 WOTHD =56.2352 ~102.0327 18,0343 =3,3465 0372 102.2230 18.3u22
87 ey 2047402 U749 ~6a305C =103.2V44 18,5544 ~3.3A98 0377 103.396A8 1R.8A20
Bbeul 20,9765 0TH9 -0 3765 ~104,3804 19.1099 ~3.4338 0382 1045750 19.4160
8940y 21.213% 07RO ~bs 4499 ~105.5597 19,7001 ~F 4784 0386 105,7566 20.0049
Gualu 21.4510 w779 ~b+5252 =106.7410 20.3258 -3.5235% 0392 1N6.9u)s 2046290
3100 21l.6865 «U78% 66024 +~107.9229 20.9869 ~-3.5691 0397 108.1247 21.28A83
CEF 19 HB9Y 799 =4all13 =97,0279 21 .6842 ~3.H152 04Nz 97,1595 21.9A36
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Table 26 {contd)

. . c c G

Fime, age F R Ry, F R mts), i) wl) IFrl, M,
days 101} km/a? 106 N 16% N 106 N 106 Nem 100 Nem 10® mem 106 w 108 Nem
9240 15,4324 L0794 =4.4271  =96.7758  20.919%  -3.5927 L0390 96,8770  21.2257
9340y 19,6504 L080W  =4.4782 97,8616  21.u36l  -3.6378 L0404  ©7.9840  21.7u26
G4 o 0 19.8771 CURLS  =4.5321  ~98.9902  21.0840  ~3.684B L0409 99,0939  22.2907
95, Uy 20.1126 L0825  ~4.5889 =-100.1630  22.5652  ~3.7338 L0415  100.2681  22.8720
96,00 20,3573 LOB36  ~4.64RA -101.3813 23,1810  =3.7849 L0u21  101.487%  23.4880
97.00 20,6113 LUB4E  ~4,7119 ~102.6461  23.8333  -3.8382 L0626 102.7543  26.1604
384Uy 20.R749 L0860 =4, T7A5 =103.9589 24,5240  =3.8936 L0433  104,0687 24,8312
99400 21.1485 L0873 =4.B4B6  ~105.3207  25.2552  -3.9514 L0639 105.4323 25,5624
108Uy 21.4521 T0886  =4.9226 =-106.7330  26.0291  =4.0115 L0446  106.8465  26.3364
10100 21,7262 L0900 ~5.0005 -108.1967 26,8476  =4.0740 L0453 108.3123  27.1580
162,06 22,0306 10915 =5.0626 =109.7132 27,7136  ~4.1391 L0460  109.8305  2B.n210
103euy 22,3462 (0930 ~5.1690 =111,.2836 28,6296  ~4.2067 L0667  111.4036  28.9370
104,00 22,6727 L0945  =5.2601 =-112.9088  29.5983  =4,2770 L0475  113,0313  29.9057
105400 23.0105 \0961  =5.3560 =-114.5900 30,6229 _  -4.350% L0483 114,7152  30.9304
106.uU 23,3597 L0978 ~5.4570 =116.3280  31.7062  —4,4259 .0492  116.4559  32.0137
107400 23,7204 10995  ~5,5632 =118.1233  32.8516  =4.5047 L0501 118.2543  33.1590
10B,U0 24,0926 L1018 =5e6750 =119.9768 34,0628  =4.5864 L0510 120,1110  34.3703
1090 24,4770 T1032  =5.7927 ~=121.8884 35,3428  ~4.6712 L0519  122,0260  35.6501
110.uu 24,8729 L1052 ~5.916% ~123.838B 36,6961  —4.7590 .0529  124,0001  37.0035
111.00G 22,8473 21072 =3.0811 ~113.8505 38,1259  ~4.8500 L0539  113,9017  38.4332
112400 23.2185 L1093 341562 =115.7092 39,6370  -4.9441 \0549  115,7523  39.9442
113e00 23,5996 L1116 =3.2360 ~=117.607% 41,2332  =5.0415 (0560  117,6520  41.5463
114e 00 23,9902 1136 =3.3206 -119.5531 62,9191  -5.1421 .0571 119.5993 43,2250
115400 24,3960 L1159 =3,4102 ~121.5445  44.6983  -5.2459 L0583 121,5024 45,0051
116dv 24,7959 V1183  =3.5050 =123.5811  46.5731  =5.3530 L0595  153.5309 4648708
117,00 25.2172 W1P07  =3.6048 ~=125.6646  48.5391  -5.4633 L0607 125.7163  4B.Bu57
118.0y 25,6449 11532 =3.7096 =127.7946  50.5946  =5.5767 L0630 127.8485 50,9010
119.uu 26,0816 \1256  -3.8104 =-129,9635 52,7380  -5.6931 L0633  130.0257  53.0u4b
12G.U4 26,5259 T15A8  -3.9343 =132.1870  54.9677  =5.8124 (0646  132.2456 55,2742
12100 26,9800 L1311 ~4.0581 ~134.4435  57.2811  =5.9345 L0650  134,5047  57.5877
122,00 274403 21333 =0.1789 ~-136.7355 59,6761  -6.0592 L0673  136,799%  50.9429
123400 27,9087 V1367 ~4.3085 -139.0577  62.18B3  ~6.1861 JO06R7  130,1245  62.4555
124,00 28.3780 21396  =8.4427 =141.0043  64.6930  -6.3151 L0702 141,4741  65.0005
125400 26.R529 L1824 =4.5816 =143.7683  67.3037  =6.4457 L0716 143,B414 6746117
126400 29.3297 L1456 —4.7281 -186.1%19  69.9727  =6.5776 L0731 146,2183  70.2813
12700 2%.8066 L1083 ~4.8704 -148.51p2  72.6909  -6.7102 L0746  148,5361  73.0000
128Uy 30.2817 \1512  =5.0197 =150,8810  75.4466  —6.8430 L0760  150.9645  75.7563
129400 30.7927 11541  =5.1714 ~-153.2256  78.2280  =6.9755 L0775  153,3129  TR.5%84
1300y 1672 “1571  -4.0531 ~150,4388  B1.0201  =7.1069 L0796 150.4934 81,3312
131400 16.6235 ,1599.  -4,1818 ~152,6112  B3.8063  -~7.2365 0804  162.6686  BU.1182
13240y 3l.04s3 \1627  =4.3106 =~154.7261  B6.5685  =7.3635 .0B18 154.7862  B6.8A11
133400 31.4587 11655  ~4.4384 ~156.7603  B9.2866  -T.4871 L0832 156.8322  89.6000
PRI 31.8514 V1BBL  —4.5641 =158.7261  91.9392  ~7.6064 .0B4S  158,7918  92.2533
135,00 32,2959 L1706 ~4.A542 ~160.9385 93,6968  =7.7203 L0853 161.0058  9h.0143
136eUy 32,7470 L1730 -4.725% ~163.1862  95.0025  -7.8280 L0870 163.3547 95,3245
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Fig. 6. Directional emissivity of solid
materials, The temperature of the radiating
metal surfaces was around 420 K (300°F),
that of the nonmetallic surfaces between 273
and 366 K (32 and 200°F) [from E, Schmidt
and E, Eckert, Forsch, Gebiete Ingenieurw,,
Vol. 6, pp. 175-183, 1935]

Fig., 7. Emissivity of materials in
different directions: (a) wet ice, (b) wood,
(c) glass, (d) paper, (e) clay, (f) copper
oxide, (g) aluminum oxide. The tempera-
ture of the radiating metal surfaces was
around 420 K (300°F), that of the non-
metallic surfaces between 273 and 366 K
(32 and 200°F) [from E, Schmidt and E,
Eckert, Forsch., Gebiete Ingenieurw,.,
Vol. 6, pp. 175-183, 1935]
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Fig. 13, Relationship between the
antenna system and the geometric space-
craft system
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November 19; Venus arrival February 6; Mercury arrival March 28
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APPENDIX

PROGRAM FOR COMPUTATION OF THE COMPONENTS OF THE SOLAR RADIATION
FORCE AND THE MOMENT OF THE SOLAR RADIATION FORCE

-FOR»15 SOLEWSSOLE

C
C H96 366 3 43 2P I I T NI T I BT G B I T F P ISP TN TN DA IE I I TE I I D62

TH1S PROGRAM COMPUTES THE COMPONENTS OF THE SOLAR PRESSURE FORCE AND
THE MOMENT OF THE SOLAR PRESSURE FORCE ON THE REFLECTOR QF THE HIGH GAIN
ANTENNA AND SOLAR PANELS OF THE MARINER VENUS/MERCURY 1973 SPACECRAFT.

FOR THL CONVEX SURFACE OF THE HIGH GAIN ANTENNA REFLECTOR

THE THERMAL RE-RADIATION PART 15 OBTAINED 8y A DOUBLE INTEGRATION (DOUBLE
GAUSSIAN QUADRATURE} IN POLAR CQORDINATES WITH BOTH CONSTANT AND VARIABLE
INTEGRATION LIMITSe SINCE THE ILLUMINATED AREA IS SYMMETRIC wITH RESPECT
TO THE vA-AXIS OF THE ANTENNA SYSTEM OF REFERENCE, THE COMPONENTS FX»

MYs» AND Mz ARE PRESET TO BE 2ERQe THE SURFACE OF THE HIGH GAIN ANTENNA
REFLECTOR 15 A PARABOLOID OF REVOLUTIONe

NOMENCLATURE
EPSF = EMISSIVITY OF THE ILLUMINATED SURFACE OF THE ANTENNA
{CONVEX)
EPSB = EMISSIVITY OF THE CONCAVE SURFACE OF THE ANTENNA
REFLECTCR

GAMMA = REFLECTIVITY COEFFICIENT OF THE ILLUMINATED SURFACE

BETA = SPECULAR REFLECTIVITY PARAMETER OF THE HIGH GAIN ANTENNA
REFLECTOR (CONVEX SIDE}

SIGMA = STEFAN=5 CONSTANT {(5.669TE~0B KG/SECH%3 4DEGK*#%4)

SOLAR = S0LAR CONSTANT (1e353E+03 KG/SECH#®3)

COND = THERMAL CONDUCTIVITY OF THE ANTENNA REFLECTOR
(142921 KGaM/SECR®3L,DEGK)

DEPTH = THICKNESS OF THE ANTENNA (00191 M)

DELTA = RADIUS OF THE APERTURE OF THE ANTENNA REFLECTOR
(0,686 M)

ZETA = DEPTH OF THE ANTENNA REFLECTOR (0D.216 M)

PSl = SUPPLEMENT OF THE SUN-SPACECRAFT~EARTH ANGLE
EL = DISTANCE OF THE PROJECTION OF THE SHADOW-~LINE FROM THE
X~AX1S
F1 = INTEGRATION LIMIT FOR PHI IN CASE OF A SHADOW
CRT = CRITICAL VALUE OF THE ANGLE PSI WHEN THE SHADOW APPEARS
RAT = LAMBDA (IN THE REFERENCE), CONSTANT OF THE REFLECTOR
Cry = JAWORSKI-5 CONSTANT ({EPSF-EP5B)/ (EPSF+EPSB))
PsQ = COEFFICIENTS IN THE EXPANSION OF THE EXPRESSION FOR
THE THERMAL RE~RADIATION
AX = THE SEMI-MAJOR AX1S OF THE SPACECRAFT~S ELLIPTIC

ORBIT (KM)
AXE = THE SEMI~MAJOR Axls OF THE ELLIPTIC ORBIT OF THE EARTH (XKM)
ECC THE ORBITAL ECCENTRICITY OF THE SPACECRAFT
ECCE ECCENTRICITY GOF THE EARTH-S ORBIT

#

AN AN el aR e N ol ala e N a e N aNa R a N oW a N a o N o NaNataNatasaRatalalataReRalaaiakanatatatanaala
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c” INCL = THE INCLINATION OF YHE SPACECRAFT-S ORBITAL PLANE TO
C TME FUNDAMENTAL REFERENCE PLANE (EGQUATQRIAL PLANE

C OF THE EARTH FOR 1950.0)

C EPSLN = OBLIQUITY OF THE ECLIPTIC

C NODE = THE RIGHT ASCENSION OF THE ASCENDING MNODE OF THE

C SPACECRAFT~S ORBIT

C OMEGA = ARGUMENT OF THE PERIAPSIS OF THE SPACECRAFT-5 CRBIT
C EOMEGA = ARGUMENT OF THE EARTH-S PERIAPSIS

C THETA = TRUE ANOMALY OF THE SPACECRAFT

C ETHETA = TRUE ANOMALY OF THE EARTH

C M = MEAN ANOMALY OF THE SPACECRAFT

C ME = MEAN ANOMALY GF THE EARTH

C E = ECCENTRIC ANOMALY OF THE SPACECRAFT

C EE = ECCENTRIC ANOMALY OF THE EARTH

C MSTART = MEAN ANOMALY QF THE SPACECRAFT AT THE TIME OF

c INITIALIZAYION T = TSTART

C MESTRT = MEAN ANOMALY OF THE EARTH AT THE TIME OF INITIALIZATION
C TSTART = BEGINNING OF THE CRUISE PHASE

C GM = GRAVITATIONAL CONSTANT CF THE SUN

C MEAN = MEAN GRBITAL MOTION OF THE SPACECRAFT

C MEANE = MEAN ORBITAL MOTION OF THE EARTH

C PER = ORBITAL PERIOD OF THE SPACECRAFT

C ‘NPTS = NUMBER OF POINTS ON THE TRAJECTORY

C TSTEP = TIME STEP

C RHO = HELIGCENTRIC POSITION VECTOR OF THE SPACECRAFT IN

C ASTRONOMICAL UNITS (AU) 4

C RHOE = HELIOCENTRIC POSITION VECTOR OF THE EARTH IN

C ASTRONOMICAL UNITS {AUl

C

C EPOCH = TSTART = 1973, NOVEMBER 094 19 HR5, 27 MIN, 58 SEC -

C JULIAN DAY NUMBER

C TJDO = 2441996.31108586520

C

C XsYsZ ARE COORDINATES OF THE SPACECRAFT IN THE EARTH EQUATORIAL PLANE
C XEsYE,ZE ARE EQUATORIAL CQORDINATES OF THE EARTH

C

C POLAR COORDINATES IN THE PROGRAM ARE XA = =R+SIN(PHI}, YA = R«COS(PHI)
C

¢ THEORETICAL FORMULATION FOR THE THERMAL RE-RADIATION

C

C le EQUATION~-

C

C EPSE*TFRONT®*%#4 + ETA®EPSB®TBACK#*4 =

C {SCLAR/SIGMAI®{ (AU/R) ®%2)%(1,~GAMMA)#COS (THETA)

C (ENERGY BALANCE, GAuss=— THEOREM!

c !

C 2e EQUATION-

c

C TFRONT ®= TBACK + (D*SIGMAXEPSB/CONDI*TBACK#*4

C { BOUNDARY CONDETIONSs LAPLACE-S EQUATION)

C

¢ REFERENCES-

C

C le ReMeGEORGEVIC, TECHNICAL MEMORANDUM 33-494, OCTOBER 1,1971

C 2e ReMsGEORGEVIC, TECHNICAL MEMORANDUM 391-429, MARCH 30,1973

c -
C************************i**********i****i****—l**i*****************Il**********
C

C SPECIFICATIONS- ARIGINAL PAGE 12

OF POOR QUALITY,
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7000

3000

REAL INTGRL{&6¢3)

REAL KONST(100)eKNUMILOD)

HEAL M{L1UG0)ME(IGO)

REAL NUDE» INCL - MSTART yMESTRT»MEAN MEANE » MASS
REAL Mullu0)

INTEGER TLTL1»TLTZ2

DIMENSLION
DIMENSION

SO10)eWC10)ePSILI00) rALFALLOO) e RHOCIGO} +ENTGRLI100r8)
THETA{100) +ETHETA(100) ¢ X(100)»Y (100} +Z(100)+XE(100)+

1 YE(LUQ)»ZECLQO)

ODIMENS]ION
DIMENSLON
DIMENSION
DIMENS | ON
DIMENSION
DIMENSLON
SIMENSION

RHOE(100}

EC100)EE(IN0) yDTHETA{LUD) »DETHTAL100)

XORB(100) »YORB(100) » XORBE{100), YORBE(L0O0)} »R(100)¢RE(100)
COT(100)»UX(100} Y (100),UZ(100)URSA(100)UR(100)
FORCE{(LOOD) » TORGUE(L100) » TIME(100)

DTLT(100)
AFOR{100)»YFOR(100) »ZFOR{10N) #XTOR(100),YTOR(100),

1 ZTOR{L100) +FOR(100)»TOR{(100)

CIMENSION
ODIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSLON
DIMENSION
UIMENSION
DIMENSION

FLUX{100) rFUNK{200) »FNULLDD) yGFACT (200D
TFRONT(100) r TBACK(100)

DFI(L00)

ODPSI(100)

OM({100) »DME(100) »DE(100) ,DEE(10DD)
ACC{l00)»SPACC(100)
XFORCE(100)»YFORCE(100)»ZFORCE(100}»FTOTAL (100}
FADX{100) »FADY(100),FADZ{100}+FAD(100)
TADX(100)»TADY(100),TADZ(100)+TAD(100)
ADACC(100)

XTORG(100)YTORG(100) +ZTORA(L00)

TOTFX{(100) »TOTFY(100),TOTFZ(100) +TOTF(100) + TOTACC(100)
TOTMX(100) e TOTMY (1001 » TOTMZ(100) » TOTMOM(1ND)

COMMON DELTA+S:WeFI+EL/PrQrCTTsRATIPSI)NPTS+GAMMA»ZETAPELES
DATA ACY/2.073/1ACZ/=0.562/

DATA P1/3,

141592654/

DATA DAY/BE400.0/
DATA SPEED/2.997925E+08/

NAMELIST/ZINPUT/DELTAY

EPSF¢EPSB e GAMMA » SIGMA » SOLLAR s COND» DEPTH, We S»

1 ECC+ECCE»TSTART » TSTEPrAX v AXE » INCL » OMEGA ¢ EOMEGA r EPSLN ¢ NODE ¢
2 GMeMASSr AUs MSTART P MESTRT ¢ ZETA¢EPSFL1+EPSB1 v GAMMAL r DEPTHL # NCASE s

3 MORL » N
RAD = 180,

TLTL,TLT2¢T0+T12T2+4SPECAREA
0/P1

READ (S INPUT)
WRITE(6¢3000)
FORMAT(1HLv4X/r/72/)
WRITE(6¢ INPUT)

KASE = NCASE=MORE

MEAN = SGRT{GM/AXN=%3)
MEANE = SGRT(GM/AXE**3)
DMEAN = MEAN*DAY#*RAD
DMEANE = MEANE*DAY*RAD
PER = 2.0%P1/(MEAN*DAY)}
PERE = 2.0%PI/ (MEANE#*DAY)
ETA = SERT((L,0+ECC)/(1,0=-ECC)}

ETAE =

SGRT{{1.0+ECCE)/{1.0=-ECCE)?
ENUODE = 0.

]

G0 TO (2001,2002) 1KASE
2001 WRITE(601001)
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1001 FORMAT({1HLr35xs tEARTH-VENMUS CRUISE PHASEY'//)
GC TO 2003 ‘
2002 WRITE(&»1002)
1002 FORMAT(1H1r35%r *VENUS=MERCURY CRULSE PHASE'//)
2003 WRITE(weZ2)
WRITE(&e 3YAXPECCr INCL s NODE » OMEGA» MSTART #» DMEAN
WRITE(6r4)
WRITE (e 3) AXE+ECCE +EPSLNe ENODE r EOMEGA Y MESTRT ¢ DMEANE

2 FORMAT{36X+ 'HELIOCENTRIC ECLIPTIC ORBITAL PARAMETERS OF THE *»
1 *SPACECRAFTY/)

4 FORMAT( /36X»'"HELIOCENTRIC ECLIPTIC ORBITAL PARAMETERS OF THE *»
1 TEARTHY/)

3 FORMAT(AB8XrYAX =" »E16.B01Xr KMt/ 37X TECC S eF16.117e36Xe PINCL =y
1 FlB.11rlXe'LUEGY /36X "NODE =tsF16¢11+1X» 'DEGY/#35Xr "OMEGA ="'
b Fl6.11e1XstOEGY/p3uxs TMSTART ='»Fl6.,1121%2*DEGY/ 36X "MEAN =ty
3 Fla.11r1Xe *DEG/DAY /)

LNCL = INCL/RAD

OMEGA = OMEGA/RAD

EOMEGA = EOMEGA/RAD

EPSLN = EPSLN/RAD

NQDE = NQDE/RAD

MSTART = MSTART/RAD

MESTRT = MESTRT/RAD

EPS = EPSF+EPSB

EPS1 = EPSF1+EPSB1L

EPSRAT = EPSF1/EPSBI1

ELES = =1000000.0%50LAR/SPEED
C = SIGMADEPTH*EPSB/COND
TEMP = SOLAR*{1+0~-GAMMA) / {SIGMA*ERS)
FSTAR = TEMP**(.25

A = ChTSTAR®R®]

B = 3.0%A*EPSF/EPS

CTT = (EPSF-EPRSB)/EPS

CTl = (EPSF1-EPSB1)/EPS]

0 = UEFTHL

AFACT = SIOGMA*DXEPSB1/COND

P = 8,0%AxEPSF*EPSB/EPS**2

EF = =111.0%EPSF=3,0%EPSR)/ (2. 0%EPS)
G = EF®A%P

CRT = ATAN(DELTA/(2.0%2ETA))
DCRT = CRT*RAD

RAT = ZETA/DELTA*%2

C
C COMPUTATION OF UNPERTURBED POSITIONS OF THE SPACECRAFT AND THE EARTH
C
€I = COSCINCL)
51 = SINCINCL)
CN = CUS(NODE)
Si = SININODE)
CO = COS(OMEGA)
S0 = SIN(OMEGA)
CIE = COS(EPSLN)
SIE = SIN(EPSLN)
CNE = COS(ENODE)
SNE = SIN(ENODE) op
COE = COS(EOMEGA} | A
SO0E = SIN(EOMEGA) {ﬁxngﬂgglj$b
PX = CN*CO = SK*S0#CI oF POOR Q
PY = SN*CO + CN#SQO#CI
PZ = S0%51
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ax
Qy
@z
RX
RY
R = C
PXER
PYEG
PZEQ
axeq
QyYeq
ALEG
RXEQ
RYEQ
RZE®
FPXE
PYE
PZE
QXL
QyYtE
QLE
RAE
HYE
RZE
Do 5 1
K = b=
WwiI+5s)
SUL+9)
CONTIN
TESTL
TEST2
TESTS
TEST4
TESTS
TESTH
TESTT
TESTS
TESTY
TESTLO
TESTIL
TESTLR
CHECK1
CHECK2
CHECK3
CHECKY
CHECKS
CHECK®
CHECK?
CHECKB
CHECKO
CHEK1OD
ChHEK11

C
5

WY O RY )

W aia

N T TR ER TR T i T

-
w
-
F=4

i nnn

CN&S0 = SN*COxCI

SN*50 + CN*COx*C]
(O*S]
N®S1
CN*ST
i
PX
PY#CIE ~ PZ*SIE
PTY*51E + PZ*CIE
ax
QY«CIE - QZ#SIE
RQYXSIF + QZ2=«CIE
RX
RY4#CIE = RZ*SIE
RY*SIE + RZ*CIE
CNE*CQOE = SNE#*SOE*CIE
SNE*COFE + CNE*SOE*CIE
SOE*S1IE

~CNE*SOE <« SNE®COE*CIE
=SNE*SOE + CNE*CGOE*CIE

COE*SIE
SNE#STE
-CHNE*S]E
(O §=
=1eh
I
= wWiK)
= =5(K}
JE
= PXEX2
EX*x%kD
RX*%2
PX®%2
PY®%2
PZ*%2
PX*QX%
PX¥RX
QX*ERX
FXxPY +
PX*PZ +
FY*PZ +
PXEQ* %2
QXEQ**2
RXEQ@**2
PARAEQH*2
PYEQ**2
PZEQ**x2
PXEQ+EX
PXEGQ*RX
QXEQ*RYX

+F btk

HN o pn

IR I I O I O I P b ]

PY*x%2
GY*%x2
RY%xx2
QX*x2
QY %42
QZxk2
PY*GQY
PY®RY
OY*RY

Pixx2
QZ®*2
RI*x*2
RX**2
RY*%2
RZ**2
PixG2
PZ*RZ
QZ%RZ

A F b+

AX%xQY + RX*RY
QX*xQZ2 + RX*Rz
QAY*QZ + RY*RZ

+
+
+
+
+
+
EQ

EQ
EQ

PYEQ*#2
QYEQ#*%*2
RYEQ**2
GXEG**2
QYEGQ*%2
QZEQA®Z

++ 4+

PZEQ*%2
QZEQ* %2
RZEQ*x2
RAEQ*%2
RYEQ#®x2
RZEQ#*%2

1.0
1.0
1.0
1.0
1.0
140

+ PYEQ*RAYEQ + PZEQ*QZEQR
+ PYEQxRYEQ + PZEG*RZEG
+ QYEQ#RYEQ + WZEQ*RZEQ

= PXEG¥PYEQ + GXEQ*QYEQ® + RXEQxRYEQ

= PXEG*PZEQ + QXEQ*QZEQ + RXEQ*RZEQ
= PYEG*PZEQ + QYEQ*QZEQ + RYEQG#*RZEGR
PXE¥*2 + PYEx%2 4+ PZE%*2 = 1,0
QXE+**2 + QYEX%Z2 + QZE*%2 = 1,0
RXE#%2 + RYE**2 + RZE*%2 = 1,0
PXE*%2 + QXE**2 + RXE¥%2 = 1,0
PYE#%2 + QYE*42 + RYE#%2 = 1.0
PIE**2 + Q7Ex%2 + RZE*%2 = 1,0
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fST7 = PXE*QXE + PYEXQYE + PZE*QZE.
FST3 = PXE#RXE + PYE*RYE + PZE*RZE
TST9 = QXE*RXE + QYE*RYE + QZE*RZE
15710 PXE+PYL + GXE+QYE + RXE*RYE

T5T1l = PXE#PZE + QXE*QZE + RXExRZE
T5T12 = PYExPZE + GYE*GZE + RYE#RZE
WRITE(60e8)
WREITELGPQGIPX PXEQePYPYEQrPZPZEQY GX-GXEQ:QYv@YFQrOZIQZEOr
1 HXPRXEQ+RYPRYEQ)RZIRZEG
WRITE(&e11)
WRITE orBULI2) TESTIeCHECKL 1 TEST2 1 CHECKZ2 s TEST3 s CHECK 3 TESTH » CHECK U
1 TESTSy CHECK S e TESTErCHECKG TEST7yCHECK7» TESTBr CHECKB8» TEST S
2 CHECKO» TESTIO P CHEKLOPTESTLL CHhKllvTESTlEtCHEKlZ
WRITE(gel1l)
WKITE(wr13)
WRITE(GrGIPKEPPYEWRPZE»QXE»QYE»QZErRXE RYFrRZE
WRLTE{6er14)
WRITE(6212)TST1eTSTRITST3 e TSTU e TSIS TSTEYTST7»TSTEyTSTOTST10,
1 TSTi11+T5TL2
WRITE(6el21)
WRITE(6r5022)
WRITE(6e1l7)
WRITE(Hr18)
# FORMAT(//36Xe *VECTORS Fr@rR QF THE SPACECRAFT'//»36Xe'ECLIPTIC',
1 U2Xe YEQUATORIALY /)
909 FORMATI2(36Xs'PX TtsF10.6)/¢2(36X1 VPY =V 4F10.6)/
1 ZLABXP'PZ =9 F10463/92(36X0 10X = F106) /0
2 236X TAY = F10.6)/722(36X1 Q2 =V F1046) /0
3 2(36Xr'RX SV eF10.6)/12(36X¢ 'RY Z'4F1l0.6)/»
4 2{3B6X+t'RZ ='+F10.6}/)
11 FORMAT(//36Xs "ORTHOGONALITY TESTS'/)
8012 FORMAT(/(36XsF10e6+36X1Fi0.61)
111 FORMAT(1HLeSX)
13 FORMAT(//36X) "EQUATORIAL VECTORS P,0¢R OF THE EARTH'/)
9 FORMAT( 3EXITPX SYrFL0.6/336Xe'PY =t eF10.6/036Xe"PZ ZVFINLE/S
1 36XrTaX S eFl0.6/136X0 QY =V F10.6/936Xe Q7 ='eF1046/¢36Xe TRX ='r
2 F10+6/136X'RY =0 ,F10.6/r36X%r'RZ =t eF10.6/)
14 FORMAT(//36X» YORTHOGONALITY TESTS'/)
12 FORMAT(/{36XsFl0.6))
121 FGRMAT(//710%X»'EPOCH (TSTART) = NOVEMBER 9» 1973')
B022 FORMAT(10X+ 'TRAJECTORY SWITCH ON FEBRUARY 9. 1374')
17 FORMAT(1H1»35Xs *HELIOCENTRIC EQUATORIAL COORDINATES OF ¢
1 YSPACECRAFT AND EARTH'//)
18 FORMAT(2X e 'TIME +8Xe TXIKM) *2OXe Y (KM) " ¢ OXp*Z (KM)* ¢ 7X e *RHO(ALI) T »
1 TXPIXECKM) *r8Xe tYE(KM) ' 1 8Xe *ZE(KMI * 1 8X» "RHOEY 18X "PSIV /e
2 1Xe *{DAYS) ' e 103X " (AU) " v TX+ * (DEG) ' /)
DO 16 WPTS = LeN
M{NPTS} = MSTART + (NPTS=1)*MEAN*TSTEP
ME (NPTS} = MESTRT + (NPTS=1)*MEANExTSTEP
E(NPTS) = ANOM(ECC MINPTS))
EE(NPTS) = ANOM(ECCEME(NPTSY)
RINPTS) = AX*{1.0=-ECC*COS(E{NPTS)))
RE(NPTS) = AXEx{1.,0-ECCE*COS{EE(NP¥S)))
RHO(NPTS) = RI(NPTS) /AU
RHOE(NPTS) = REINPTS)/AU
THETAINPTS) = Z.0xATAN(ETA®TAN(E(NPTS)/2.0))
ETHETAINPTS)Y = 2.0%ATAN(ETAEXTANI(EE(NPTS)/2,0))
IF(EINPTS ) «GE 2. 0%xPI)E{NPTS)IZE(NPTIG)=2,0%PI
IF(EECHPTS) o GE L2+ 0%PIIEE(NPTSISEE(NPTS) 2. 0%P1
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IF(MINPTIS)Y «GE« 2 0PI IMINPTS)ZMINPTS) =2, 0%P]
IF(MELNPTS) 2 GE« 2« 0xPIIME (NPTS)SME(NPTS) =2, 04PT
XORBINPTS) = RINPTS)I*COS(THETA(NPTS))
YORBUINPTS) = RIMPTSI*SIN(THETAINPTS))
XORBE{WPTS) = REINPTS)*COS(ETHETA(NPTS))
YORBE(PTS) = RE(NPTS)*SIN(ETHETA(NPTS))
XE(NPTS) = PXE#XORBEINPTS) + GXE*YQRBE (NPTS)
X(NPTS) = PXEQ*XORG(NPTS) + QXEG*YORB(NPTS)
T(NPTS] = PYERG*XORB(NPTS} + QYEG*YORB{WPTS)

Z(NPTS) PZEQ*XORB{(NPTS) + QZEG*YORB{NPTS)
YE(NPTS)! = PYE*XORBE(NPTS) + QYE*YQORBE (NPTS)
ZEANPTS) = PZE*XORBE (NPTS) + QZE*YQRBE(NPTS)
TIME(NPTS) = TSTART + {({NPTS=1)*TSTEP)/DAY
UXINPTS) = XINPTS)=XE(NPTS)

UY (NPTS) = Y{NPTS)~YE(KPTS)

UZINPTS) = ZINPTS)=ZE(NPTS)

URSOINPTS) = UXINPTS)I#%2 + UYINPTS)I*%2 4 UZ(NPTS)#®*2
UR(NPTS) = SQRTIURSQINPTS))
UOTINPTS) -UX(NPTS)*X(NPTS)-UY(NPTS)*YtNPTS)-UZ(NPTS)*Z(NPTS}
PSI{NPTS) ACOS(DOTINPTS) Z(URINPTSIXR (NPTS) ) )
DPSI(NPTS) = PSIINPTS)I*RAD
IFIPSIINPTS) WGToPI/20IPSIINPTSIZPI/2.0
IFAPSTINPTS)Y LT« 04 B)IPSIINPTS)I=PSI(NPTS)I+P]
ALFAINPTS) = PSI(NPTSI*RAD
IF(ALFAINPTS)Y A GT 90,0 ALFAINPTS)IZY0.0
IFANPTS«EG51IWRITE(H2180)
IF(NPTS.EQ+141)WRITE(6,180)
180 FORMAT(1HLlelX»
1 TTIME® »8Xr *X{KM) T2 QX e *Y (KM ¢ 4 QX 2 Z(KM) * ,7X s tRHO{AUY t s
2 TXe TXECKMY P rBXe " YELKM) "o BX e YZE(KM) " v 8X e 'RHOE e BX s "PSI ' /»
3 IXe Y LDAYS)Y Y1 103X *LAU) Y+ 7Xe Y (DEG) ' /)
WRITE(Sr19) TIME(NPTS) »
XINPTS) e YINPTS) v ZINPTS) pRHOINPTS) e XE(NPTS) e YE(NPTS) ¢
2 ZEUNPTS) s RHOEINPTS) 1 DPSIINPTS)
19 FORMAT(1X F 6,21 3E14.6¢F124613E14.6,F12.60F11.2)
16 CONTINUE
WRITE(&r181)
181 FORMAT(lleEQXu'TIME"SX!'THETA'n6X"E'lBXr'M'OSX!'THETAE'rSXn
1 PEET e 7Xe YMEY /29X *(DAYSI 16 (UX,*(DEGIVI/]
DO 33 NPTSZ1eN
DTHETA(NPTS) = THETA(NPTS) *RAD
DETHTAINPTS) = ETHETA(NPTS)*RAD
IF(DTHETA(NPTS).LT.G.O)DTHETA(NPTS}=DTHETA(NPTS)+360.0
lF(DETHTA(NPTS).LT.O.U)DETHTA(NPT&)=DETHTA(NPTS)+36H.O
DN {NPTS) = MINPTS)*RAD
DME (NPTS) = ME{NPTS)*RAD
DE(NPTS) = E(NPTS)*RAD
DEEINPTS) = EEINPTS)*RAD
IF(DM(NPTS)-LT.U-OJDMINPTS)=DM(NPTSJ+360.0
IFA{DME{NPTS) 4 LT+0.0)DME(NPTS)=DME (NPTS)+360 .0
IF(DE(NPTS).LT.UoU)DE(NPTSJ=DE(NPTSl+360.0
IF(DEE(NPTS).LT.D.O)DEE{NPTS)ﬁDEE(NPTSJ+360.0
LF (DE (GNPTS) . GEL360,0)DEINPTS)=DE(NPTS) =360.0
IF(DEE(NPTS).GE.S&O.D)DEE(NPTS):DEE(NPTS)-360.0
IF(DM(NPTS).GE.SB0.0)DM(NPTS):DM(NPTS)-360.0
IF(DME(NPTSI.GE.360.U)DME(NPTS):DME(NPTS)-360.0
IFINPTSEG51IWRITE(6,182)
IF(NPTS.EQ.151)WRITEl6,182)
182 FORMAT(IHI:ZQKr'TIME'rSXo'THETA'!&XI'E'!BX:!M'rSXp'THETAE'ISXo
1 YEEYr7Xe 'ME® 729X Y(DAYS) V46 {UX, *{DEG) ) /)

-
-

[
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WRITE (0rlSOXTIME(NPTS) »DTHETAINPTS) e DEINPTS) 1DMINPTS) »
1 DETHTAINPTS) »DEE(NPTS) f DME (NPTS)
190 FORMAT{Z29XrFGa.216F9,2)
33 CONTINUE

c . .
C COMPUTATION OF COMPONENTS OF THE SOLAR RADIATION FORCE AND ITS MOMENT
C ON THE HIGH-GAIN ANTENMNA REFLECTOR
C
WRITE(Her22)
WRITE{Gr1D)
WRITELer35)

22 FORMAT{1lH1r,5X)

15 FOHMAT(ZSX:'COMPONENTS OF THE SCLAR PRESSURE FORCE AND TORGUE !
1 YON THE HIGH GAIN ANTENNA REFLECTOR'/»25X,*OF THE MARINER ¢
2 YWENUS/MERCURY SPACECRAFT» ALONG THE AXES OF THE ANTENNA~FIXED®
3 /123Xy 'REFERENCE SYSTEM IN E+406 NEWTONS AND E+06 NEWTON=-?
iy tMETERSY /25X YRESPECTIVELYs THE ACCELERATION IS GIVEN IN ¢
5 TE+11 KM/SECH¥21/)

35 FORMAT(/+2Xe'TIME »6Xr'PSIT#BX s YALCY 6X+ *XFORCE ' r5X ¢ '"YFORCE Y,
1 SXr YZFGRCE' X "XTORQUE ' 24 X» "YTORGUE ' 4% YZTORQUE Y s 6% "FORCE
2 - SXe'TORQUE'+8X2*FI1/

3 1Xp ' {DAYSI ' 8 X e LOEG) "+ 105X, Y (DEG)Y /)
DO 30 NPTS=1N
IFIPSI(NPTS) ,NE«PI/2.01G0 TO 6 B
FI = PI/2.0
PSIINPTS) = 1
ALFAINPTS) = FI*RAD
EL = 0.0
Gu 70 7
6 URS = 2.0%RAT#TAN(PSI(NPTSI)
IF(PSI(NPIS) EQG.D0.0)UPS = 0.99999999/DELTA
YFS = =1.0/UPS
EL = YPS
UEN = =UPS*DELTA .
IF{ABS{DEN) ,LE.1.0)FI=PI
IF(ABS(DENT 46T« 1+0)FI=ACOS5(1.0/DEN)
7 DG 20 J=1:6
BO 1uU L=1sd
IF(PSTINPTS) oLECRTIINTGRLEDILIECRPHI (U L)
IF{PST(NPTS) ,6T«CRTIINTGRL (Jy L)—CRPHI{J!L)+VRPHI(JrL)
MUINPTS) = 1.0/RHO{NPTS)
TERMA = [MUINPTS) ) %2
TERME = (MUINPTS) ) *x345
TERMC = (MUINPTS)) x5
ENTGRLINPTS,J) = TERMAXINTGRL(Js1) + TERMB*INTGRL(J-E) +
1 TERMC* INTGRL (J)y 3)
XFORCE(NPTS) = =ENTGRL(NPTSe1)
YFORCE (NPTS) = ENTGRL(NPTS!E)*COS(PSI(NPTS)) +
1 ENTGRLINPTS e 3) %SIN(PSI{NPTS))
ZFORCE (NPTS) = ENTGRLINPTS22)#SIN(PSI(NPTS)) =
1 ENTGRLINPTS e 3V *COS(PSI(NPTS))
FTOTALINPTS) = SORT{XFORCEINPTS)**2 + YFORCE(NPTS)»*2 +
1 ZFORCE(NPTS)%%2)
FORCE(NPTS) = SART{ENTGRLINPTS 2} %42 + ENTGRLINPTSe3)*%2])
TORGUE {NPTS) = ABS(ENTGRLINPTSe4))
ACCINPTS) = 100,0%FQRCE(NPTS)/MASS
XTORGINPTS) = ~ENTGRLINPTS+&)+ACY#ZFORCEINPTS) =ACZ*YFORCE (NPTS)
YTORQINPTS) = 0.0
LZTORQG(NPTS) = 0.0
10 CONTINUE
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20 CONTINUE
DFIINPTS) = FI*RAD
IF(NPTSEQ«46)WRITE(B»183)
IFINPTSEQel4l)WRITEL{H,183)
183 FORMAT{IHI »1X»
'TIME? r&Xr'PSIte8Xe tACC Y, EX ¢ *XFORCE ' e S5Xe 'YFORCE Y
SXr YZFORCE ' v AX» ' XTORQUE ' »4 X0 *YTORQUE Y o X » YZTORQUF 7 » 6X s *FORCE Y ¢
S5Xe "TORGUE '+ BXe 'FI '/
1Xe ' (DAYS) ' BXr ' (DEG) Y+ 105X+ Y{DEG)* /)
WRITEL(Gr36) TIME(NPTS) r ALFAINPTS) s ACCINPTS) » (ENTGRLINPTS»J) »
i J=1rB) rFORCE(NPTS) o TORQUE INPTS) yDF T (NPTS)
36 FORMAT({1XsFE.213X1F6. 2.F11.u;8F11.qu11.2)
30 CONTINUE

E=BF IL\VE L

COMPUTATION OF THE COMPONENTS OF THE SOLAR RADIATION FORCE AND ITS
MOMENT ON TWQ SOLAR PANELS

OO0

WRITE(621)
WRITE(G»351)
1 FORMAT(1H1r24Xs*COMPONENTS OF THE SOLAR PRESSURE FORCE AND TORQUE!
1t ON THE SOLAR PANELSY/e25Xs YOF THE MARINER VENUS/MERCURY 1973
2 ' SPACECRAFT: ALONG THE AXES OF THE SPACECRAFT=FIXED!
3 28X *REFERENCE SYSTEM IN E+06 NEWYONS AND E+06 NEWTON=?
y *METERSY/ ¢ 25X *RESPECTIVELYs THE ACCELERATION IS GIVEN IN ¢
5 YE+11 KM/SECx*21/)
351 FORMAT(/Z12Xo tTIMEY s Xe 'TILT Y 47Xy PACC?, 66X *XFORCE ¢ SX» tYFORCE Yy
1 SXr VZFURCE " v X o *XTORQUE 13X s *YTORQUE " s UX s "ZTORQUE t s 6X» '"FORCE? »
2 SXe "TORQUE "/ 5
3 1449 (DAYS) P 20X Y (DEG) ¥ /)
JO 300 NPTS=1 N
IFINPTS LT TLTLITILT=TO/RAD
IFINPTSeGE«TLT1AND JNPTS LT TLT2) TILT=TI/RAD
IF(NPTS»GE«TLT2)TILY=T2/RAD
RECIP = (MUINPTS) ) x%2

PNX = 040
PNY = SIN(TILT)

PNZ = COS{TILT) ,

FLUXINPTS) = (SOLAR/SIGMA}*{1,0~GAMMAL)*RECIP*COS(TILT)
EX = 45040

CALL NEWTON(EX+XKST» EPSFL/EPSB1e AFACT s FLUX(NPTS})

TBACK(NPTS) = XKSI

TFRONT(NPTS) = TBACK (NPTS) {1 . 0+AFACTTRACK (NPTS ) %%3)
KNUMINPTS) = EPSF1I*TFRONTINPTS) %%y = EPSBI*TBACK(NPTS)**q
KONST(NPTS) = KNUMI{NPTS) /FLUX{NPTS)

XFORINPTS) = 0.0

PARTL = 2.0*%GAMMALXSPEC®{COS{TILT) )*x%2

BOFEF = 2.0/3,0

FUNKE{NPTS) = BOFEF* (GAMMAL*(1,0=-SPEC)+{1,0=0CAMMAL) *»KONSTINPTS))
FRULNPTS) = PARTL + FUNK ANPTSY*COS(TILT)

XTQR(NPTS) = 0.0
YTORINPTS) = 0.0
ZTOR(NPTS) = 0.0

GFACT (NPTS) = ELES*AREA#MU(NPTS)#%2

YFOR(NPTS) = GFACT(NPTS) #PNYXFNU(NPTS)

ZFORINPTS) = GFACTINPTS) #(PNZ®FNU(NPTS)4(1,0~-6AMMAL*SPEC) *
1 COS(TILT))

FOR(NPTS) = SGRT{YFOR(NPTS) %2 + ZFOR(NPTS) ##%2)
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TORINPTS) = ABSIXTORINPTS))
SPACCINPTS) = 100.0xFOR(NPTS)/MASS
OTLTINPTS) = TILT*RAD
IFINPTSEQ46IWRITE(Or 1B}
IF(NPTSEG.141)IWRITE(H,184)
184 FORMAT(1H1»1X>»
TTIMEY;6Xs *TILT Y 7Xe YACC Y BXs VXFORCE" ¢+ SXH '"YFORCE "
SXr V2ZFORCE v 4 X 'XTORQUE* v 4 X+ *YTORQUE *» X *ZTORQUE 16X tFORCE ?
5Xe "TORQUE"/»
11XV (DAYS) Yok Xe t (DEG) ')
WRITE(G»7001) TIME(NPTS) »DTLTINPTS) pSPACCINPTS) + XFOR(NPTS) »
1 YFORINPTS) r ZFOR(NPTS) + XTOR(NPTS I e YTOR(NPTS ) » ZTOR(NPTS ) »
2 FOR(NPTS)» TORINPTS)
7001 FORMAT(1XeFHe213X1FEe2¢e9F11.4)
300 CONTINUE
WRITE(Br352)
352 FORMAT (1HL» 20X » *TIME " »EXe "TILT » 7X» "RHOCAU) Y 10X *MUY 2+ BX e
1 TTFRONTY » 7X o *TBACK Y » 14X YK/ 0 29%+ Y (DAYSY ' 9 4Xe ' (DEG) Y /)
00 330 NPTS=1eN
IFINPTSEQ.S1IWRITE(6185)
IF(NPTS.EQ«151)WRITE(6185)
185 FORMATUOLHL »20X» ' TIME " +6X e *TILT Y 27Xy "RHOCAU) v 210X YMUY » BX,
1 YTFRONT Y 2 TX s ' TRBACK s 14X VKV /229 Y {DAYS) v 24X Y{DEGI /)
WRITE(He 70023 TIME(NPTS) ¢DTLT(NPTS) s RHO{NPTS)I ¢+ MUINPTS)
i TFRONT(NPTS] + TBACK (MPTS I KONSTINPTS)
7002 FORMATI29XrFE+2rI3XrFB.276F14 4860
350 CONTINUE
WRITE(6+1100)
WRITE(or1101)
1100 FORMAT{1HL1 99X+ 'COMPONENTS OF THE SQLAR PRESSURE FORCE IN THE ¢
i 'SPACECRAFT=FIXED'/ 10Xy *REFERENCE FRAME IN E+06 NEWTONS'/)
1101 FORMAT(LIX» ' TIME Y 3X» 'RHOCAU) Yo UX e tPST e 7TXr " XFORCE 6 X
1 'YFORCE'!&X:'ZFORCE'|7X0'FORCE’/!10K!'(DAYS)'viZXu'{OEG)'/}
00 1014 NPTS=1¢N
IFINPTS«EQe46IWRITE(6r186)
IF(NPTSEQ+141)WRITE(6¢186)
186 FORMAT(1H1»10Xs
1 STIME  »3Xe TRHOCAU) * e 4 X e tPSTI» TX e tXFORCE* 16X
2 *YFORCE Y v X YZFORCE 17X e YFORCE " /¢ 10X t{DAYS) ? o 12Xe Y (DEG) * /)
WRITELGr1019) TIME(NPTS) tRHO(NPTS) r ALFA{NPTS) t XFORCE (NPTS) »
1 YFORCE{NPTS) 2 ZFORCE(NPTS) o FTOTAL (NPTS)
1015 FORMAT(10X!F&oErF9.69F9.3!QF12-6)
1014 CONTINUE
C
C COMPUTATION OF SOLAR RADIATION FORCES AND TORQUES ON ADIABATIC
C SURFACES OF THE MARINER VENUS/MERCURY SPACECRAFTY.

F oM -

C
CFORX = =~0,008711
CFORY = ~0.006941
CFORZ = 6.337135
CMOMX = =5,23199
CMOMY = 0.39419
CMOMZ = =0.00438
C
WRITE(6¢7003)
WRITE(6+7004)

7003 FORMAT(1H1»24Xs *COMPONENTS OF THE SOLAR RADIATION FORCE
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1

2

3
7004

1
2
3

*AND TORQUE ON ADIABATIC SURFACES'/+25XrtIN E+06 NEWTONS!
* AND E+06 NEWTON=METERS RESPECTIVELY.'/ 25X, ACCELERATION !

tIN E+11
FORMATL/2X

KM/SECxx21/)
tTIMEY o 17X

YACC', 6EX ¢ YXFORCE" #SX» YYFORCE?Y »

SXr'ZFORCE Y r4X e *XTORQUE Y v X *YTORGUE* » 4 X *ZTORQUE* »BXr *FORCEY
5Xe "TORQUE'/ »

1Xe 1 {DAYS) ¥ /)

DO 1102 NPTS=1rN
ELMU = ELES®*MUINPTS) *%2

FADXINPTS)
FADY INPTS)
FADZINPTYS)
TADX (NPTS)
TADY (NPTS)
TADZ (NPTS)
FADINPTS)

TAD(NPTS)

LI IO A IO I

CFORX*=ELMU
CFORY*ELMU
CFORZ*ELMU
CMOMX%ELMUY
CMOMY*ELMU
CMOMZxELMU

= SERTIFADXINPTSI®%2+FADY(NPTSY*+2+FADZ(NPTS ) %%x2)
= SARTITADXINPTS)*¥2+TAOY (NPTS) *%2+TADZ (NPTS) %%2)

ADACCINPTS) = 100,0«FAD(NPTS)/MASS

IF (NPTSEQs4B)IWRITE(60187)
IF(NPTSW.EQ«141IWRITE(6,187)

187 FORMAT(1H1+1X)

TACCY» BX» *XFORCE'»5X» *YFORCE"»

SXe VZFORCE r4X s " XTORQUE v 4Xr *YTORQUE * ¢ 4X» *ZTORQUE * ¢ 6X s *FORCE?»

WRITE(S+ 7010} TIME(NPTS)1ADACCINPTS) s FADXINPTS) rFADY(NPTS) »
FADZ(NPTS) » TADX(NPTS) » TADY (NPTS) » TADZ(NFPTS) rFAD(NPTS) »

7005 FORMAT(1H1,24X+*TOTAL FORCE AND TORQUE ON MVM=73 SPACECRAFT *
*IN E+06 NEWNTONS AND'/ 25X 'E+06 NEWTON=-METERS RESPECYIVELY.?
YACCELERATION'/»25X» V"IN E+11 KM/SECx¥21'/)

1 CSTIME» 17X
2
3 5X¢ *TORQUE"Y/»
4 1X,14DAYSIV)
1
2 TAR(NPTS)
7010 FORMAT{1XeF6.219Xe:9F11.4)
1102 CONTINUE
WRITE(&¢T005)
WRITE(a+7006)
1
2
7006 FOQRMAT(/2Xe *TIME'» 17X,
1
2 SXe*TORQUE/
3 1Xe*{DAYS) ')
D0 9000 NPTS=1N
TOTFX(NPTS) =
TOTFY(NPYS) =
TOTFZ{NPTS) =
TOTMX{NPTS) =
TOTMY{NPTS) = TADY{NPTS)
TOTMZINPTS) = TADZ{(NPTS)
TOTFINPTS)
TOTMOMINPTS)

YACCty 68X ¢ *XFORCE +5Xe *YFORCE " »

S5Xe YZFORCEY r4X e ' XTORQUE * v 4Xr *YTORQUE* e 4X ¢ *ZTORQUE Y ¢ 5X ¢ *FOGRCE ¢

FOTACCINPTS)

IFINPTSEQ. 46 WRITE(6¢9010)
IF(NPTS.EQ.141)WRITE(6,9010)

XFORCE(NPTS) +XFOR (NPTS) +FADX(NPTS)
YFORCE(NPTSI+YFOR(NPTSI+FADY {NPTS)
ZFORCEINPTSI+ZFORINPTSI+FADZ{NPTS)
XTOR@(NPTS)I+*TADX(NPTS)

= SQRT{TOTFX(NPTS) ¥ 2+TOTFY{(NPTS)*#2+TOTFZ(NPTS) %%2)

= SORT(TOTMXINPTS I+ *2+TOTMY INFTS I *#%2+4TOTMZ (NPTS ) %%2)
= 100.,0*%TOTF{NPTS) /MASS

3010 FORMAT{1HL1r+1X»

PR VR

YTIME? 17X

tACC? 6X e '"XFORCE'+5Xe '"YFORCE

SXe YZFORCE' r4Xe *XTORQUE* 4 Xr *YTORQUE Y ¢ 4X» YZTORQUE * 16X ¢ YFORCE"»
5Xr ' TORQUE/»

1Xst{DAYS)*/])

WRITE(&»9020) TIME (NPTS) » TOTACCINPTS) » TOTFXU{NPTS) ¢ TOTFY INPTS) »
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1 TOTFZ(NPTS) r TOTMX(NPTS) » TOTMY (NPTS) » TOTMZ (NPTS) » TOTF (NPTS) »
TOTMOMINPTS)
9020 FORMAT(1X»F6.2¢/9Xr9F11.4)
9000 CONTINUE
WRITE(6e1010)
WRITE(&6r101)Pr 0
WRITE(6r105)ArB»TSTAR
WR1TE(6+1011)DCRY
WRITE(6+1013)ELES
WRITE{£,1012)PER»PERE
1010 FORMAT (LH1r24Xs'AUXILIARY CONSTANTSY)
101 FORMAT(///¢25Xe'P S'eF20.87/125Xe*'Q SV 9F20.8//)
105 FORMAT (25XetA =V2F20.87¢25Xe B ='9F20.8/¢75Xe 'TSTAR "vFZO-BrEXy
1 *DEGKY///7/)
1011 FORMAT(25X»"CRITICAL ANGLE ='+F10+3+2Xs'DEGREES')
1013 FORMAT(//25Xs'ELES =*¢F20.8)
1032 FORMAT(///20X» 'ORBITAL PERIOD OF SPACECRAFT Z'+F16,8s2Xs'DAYS*/
1 21X+ *ORBITAL PERIOD OF THE EARTH =',F16.8r2X¢ *DAYS?)
IF {MORE.NE.0)GO TO 7000
CaLL EXIT
END

JPL Technical Memorandum 33-698 141



=FQR s 15 ANOM»ANOM
FUNCTION ANOM(ECCM)

C
C THIS FUNCTION SUBROUTINE S0LVES THE KEPLER-S EQUATION By ITERATIONS
C

REAL M

DATA EPS/.000005/

ANGM = M

2 ANCM = M + ECCHSIN(ANOM)
TEST = ANOM - M - ECCASIM{ANOM)
IF(ABS(TEST) -GT-EPS)GO TO 2
IF(ABS{TEST) « LE+EPSIRETURN
END
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=FORs15 CRPHI+CRPHI
FUNCTION CRPHI(JsL)

TH1S FUNCTION SUBROUTINE PERFORMS THE DOUBLE INTEGRATION IN POLAR
COORDINATES WITH CONSTANT INTEGRATION LIMITS.

INTEGRATION LIMITS ARE R = g,DELTA, PHI = o,Fle CrRPH1 Is THE DOUBLE
VALUE OF THE INTEGRAL.

aXaNaNakaln

DIMENSION S(101sW{10)
OIMENSION PSI(100}
COMMON DELTAsSsWsFIsEL»P3sQs CTT4RAT,PSI4NPTS»GAMMAZETALELES
CRPHI = (.0
0O 20 1=1+10
SUM = Q.0
RI = DELTA*(S{IV+1.01/2.0
DO 10 K=1»10
PHI1 = FI®{S(K)+1.0})/2:0
IF(JaLE«3)5UM=SUMTWIKI*¥F(RIsPHIIsJsiL)
IF(JsGTe3)SUMESUM+W (K)*T(RI+PHIL1sJsL)
10 CONTINUE :
CRPH1 = CRPHI + W(I1)%SUM
20 CONTINUE
CRPHI = DELTA®CRPHI#FI/2
RETURN
END

ORIGINAL PAGE'I§
OF POOR QUALITY
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~FOR IS VRPHI+VRPHI

[aNataNaNaNuNaYal

FUNCTION VRPHI(JsL)

THIS FUNCTION SUBROUTINE PERFORMS THE DOUBLE INTEGRATION IN POLAR
COORDINATES WwITH A_VARIABLE UPPER INTEGRATION LIMIT FOR Rs INTEGRATION
LIMITS ARE R = QOsR(PHI), WHERE R(PHI}) = EL/COS(PHI), PHI = OsFl,
VRPHI 15 THE DOUBLE VALUE OF THE INTEGRAL.

RI 1s THE vARIABLE UPPER LIMIT FOR Re R = R(PHI]

DIMENSION S(1l0),wil0}
DIMENSION Psl(100)
COMMON DELTA!S!WOFIQELQP!QDCTTQRAT’PSIINPTSOGAM"ADZETA’ELES
DATA P1/34141592654/
IF{Pl=FlaEQeDeOIRETURN
VRPHI = 0,0
DO 20 I=1,10
PHIF = ((PI-FIInS(1)+PI+Fi)/2e0
RI = EL/COS(PHII)
5UM = 0,0
DO 10 K=1ls10
RIJ = RI¥(S(K}+1.0)/7240
IF(JeLEa3)SUMSSUMHWIKINF{RIJoPHITI g UL}
IF(JeGTe3)SUMSSUM+WIKI®*TIRIJSPHII»JsL)
10 CONTINUE
VRPHI = VRPHI + W{LI#RI*SUM
20 CONTINUE
VRPHI = VRPHI®(PI-FI)/240
RETURN
END
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~FOR+ 1S NEWTOMsNEWTON
SUBROUTINE NEWTON{EXsXKSI,EPSF,EPS5B,A,FLUX)

R R R o rymappree s PrEerr T r e E Y P F LTI IS IT S S LIS S 2L L S 2 B S LR L
C * NEWTON-S METHOD FOR APPROXIMATE ROCTS *
C * Vi )} = U 15 THE EQUATION *
C = G Is THE FIRST DERIVATIVE OF THE FUNCTION v *
<

***************************************l’***************ﬂ**************

DATA EPS/.00001/
X = EX

5 v = V(XsEPSFLEPSBsAFLUX)
Z = G(XsEPSFEPSBs+A)
DX = =(¥ri)
X = X + DX
IF{ABSI{DX) «GT+EPS)IGC TO 5
XKSI = X
RETURN
END
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~FOR» IS VsV
FUNCTION VIX+EPSF+EPSBsAFLUX)
TERM = 14 + AW (X%##3)
v = (X*nd ) (EPSF®{ TERM*#®4 )+ EPsBl -~ FLUX
RETURN -
END
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~FOR# 1S5S G0
FUNCTION G(XsEPSF2EPSBLA)
TERM = 1. + A®(X#%3)
TERM1 = 1, + 44%AR[X%¥%3)
G = Go#(X%*3 )% (EPSF*TERM1* (TERM*%3) + EPSB)
RETURN '
END
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~FORs IS Fsf
FUNCTION F(R»PHIsJsl)?

c
C FUNCTION F Is THE INTEGRAND FUNCTION FOR THE SOLAR FORCE EXPRESSION

C
REAL NXsNYoNZ
DIMENSION S(10)sw(l0)
DIMENSICON PSI(100)
COMMON DELTA»SsWsFL1+ELsP,QaCTT4RATIPSI JNPTS,GAMMA, ZETA,ELES
BOFEF = 2,0/340
FACTOR = (CAMMA+(l.0~GAMMA)} ®CTT)I*BOFEF
XA = —R¥SIN(PHI}
YA = R#COS(PHI)
ZA = RATH#(R%%2)
WRT = SART(1a0+4,0%RAT*ZA)

Uy = SIN(PSTINPTS))
UZ = =COS(PSI(NPTS))
NX = 2+0%RAT*XA/WRT
NY = 240%RAT*#YA/WRT
NZ = ~1+Q0/WRT

CTHETA = NY#UY+NZ*UZ
COEF = CTHETA*R*WRT
AP PECOEF*® (CTHETA*®0,75)% (14 0—-GAMMA ) *ELES*BOFEF
AGg Q¥COEF*® (CTHETA®R L5 )% 1.0-GAMMA ) #ELES*BOFEF
K = (J=1y#341
GO TO (132439495367 28:9) 4K
1 F = 0.0
RETURN
2 F = (0
RETURN
3 F = 0.0
RETURN
F = (FACTOR®NY+UY ) #COEF*ELES
RETURN
F = AP#®NY
RETURN
F = AQ*¥NY
RETURN
F = {FACTOR®#NZ+UZ )*#COEF*ELES
RETURN
8 F = APxN2
RETURN
9 F = AQ#*NZ
RETURN
END

[« AT Y B 3

-4
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—FOR#15S ToT
FUNCTION T(RsPHL4Jsl} .
C
C FUNCTIGN T 1S THE INTEGRAND FUNCTION FOR THE SOLAR TORQUE EXPRESSION
C
REAL NXsANYsNZ
DIMENSION S(10)»wi10)
DIMENSION PSI(LR0O)
COMMON DELTA s5swWsFLsELsPsGsCTT4RATSPST s NPTS2GAMMA S ZETASELES
BOFEF = 240/32.0
FACTOR = {(GAMMA+{1.,0-GAMMA}I*CTT)*BOFEF

XA = =~R®¥SIN(PHI)
YA = R¥COS{PHI)
ZA = RAT®{R**2)

WRT = SWRT(la0+4«Jd¥RATHZIA)

WY = SIN(PSTINPTS))

Jz = =COos(PsI(hNPTSI)
NX = 2+ 0FRATH*XA/WRT

NY = 2.U0#%RATH*YA/WRT

NZ = =1.0/WRT

CTHETA = NY®UY+NZ®UZ
COEF = CTHETA®¥R¥WRT

AP = PH*COEF# (CTHETA##04751% {140-GAMMA) #ELES#DBOFEF
AQ = G¥COEF* (CTHETA%#%145)#()1s0-GAMMA} *ELES*Q0OFEF
XN = YARNZ-ZA®NY
XU = YA#UZ-ZA¥UY

G = U0
K = (J=1}%#3+1-9
GO TU (1923334956, Ts8s9)sK
1 T = (FACTUOR#XN+XU)#*COQEF¥ELES
RETURN
2 T = AP*XN
RETURN
3 T = AG*XN
RETURN
4 T = 440%06
RETURN
G T = 5.0%05
RETURN
6 T = 6«0%¥0
RETURN
T T = T40%G
RETURN
8 T = Bs0%G
RETURN
9 T = 9.0%0
RETURN
END
C
C%************************#*****************************************%*********
C
~-MAP
~-XQT

C -
C******i%**#*i*kk****#*****#**************************************************

ORI, -
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BINPUT
DELTA = 0.686

EPSF = Q.89

EPSE = 0,90

GAMMA = (.10

SIGMA = 5.6897E-08
SOLAR = 14353E+03
COND = 142921

DEPTH = 0,0191

W o= 2295524225 4269266T72,44219086365+1494513545.,06667134
$ = —c14887434,--43339539;—.67940957.*-86506337g-c97390653
ECC = 0423924529
ECCE = 01675011416286
TSTART = 0.0

TSTEP = B6400.

AX = 0,11974322E+9
AXE = «1495990706E+9
INCL = 3.2591328
EPSLN = 23.44268327
OMEGA = 161,.52842
EOMEGA = 102.,4908625
NODE = 40.1B88362

GM = ,132712499E+12
MASS = 4984534

AU = ,14959T78930E+9
MSTART = 186.2238661
MESTRT = 305.46%90256
ZETA = L2186

EPSF1 = @.79

EPSBYl = 0.85

GAMMAL = 0,22

DEPTH]1 = 0.0127
NCASE = 2

N = 93

TLT1 = 69

TLTZ = 93

TO = 0,0

Tl = 45,0

T2 = 58,0

SPEC = 0l.75

AREA 58312

MORE = 1

$END
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FINPUT
ECC = (0e25930279
TSTART = 92.0
AX = 0,93117523E+8
INCL = 4,3515604
EPSLN = 23.44268327
OMEGA = 2714456334
EOMEGA = 102.4908625
NODE = 10.168681
MSTART = 252.61864%4
MESTRY = 36.,143130
N = 82
TLT1 = 20
TLT2 = 39
TO = 58.0
Tl = 68.0
T2 = 710
MORE - =
SEND

~FIN
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